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to heat treatment procedure, andcheck against results. port (sent with the shipment) you have positive proof 
But equally important is the help these reports give of the steel’s ability to do your job. 

to men who specify and purchase alloy steel. They If you are not getting this big help on alloys— 

make it safe and sure to buy the modern way—on begin today. Order Ryerson certified alloy steels 

the basis of hardenability. They enable you to spec- from America’s largest alloy stock. 

ify the strength you want to develop through heat In case you would like to look over a Ryerson Alloy 

treatment, and be certain of getting it from Ryerson. Report, just phone or write. We'll send one along 
Because we test every alloy heat in our stocks for with an explanation of our time-saving system. 
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By Carl A. Zapffe 


Consulting Metallurgist 
Baltimore, Md. 


—, 1,199,998,054 B.C. the first alloy of 
iron was made, if Gamow’s estimate in 1946 
A.D. is correct that our galaxy is 1200 million 
years old, for this might be the origin of nickel- 
iferous meteoric iron—actually, “iron from 
heaven”, and so indicated by the ancient Baby- 
lonian word ana-bar and the hieroglyph of the 
Egyptian pharaohs: 


|g, ae 


In the Book of Genesis, believed by scholars 
to have been written not later than 950 B.C., 
Tubal-cain stands (only seven “generations” short 
of Adam) as recorded history’s first professor of 
ferrous metallurgy — “an instructor of every 
artificer in brass and iron”; and the Book of Job, 
commonly regarded as the oldest book in the 
Bible, apparently written prior to the giving of 
the Law to Moses in 1490 B.C., speaks of an iron 
engraving pen, iron weapons, and bows of steel 
—although the translation of this word can cer- 
tainly be questioned. Herodotus tells us that the 
Egyptians used iron in the building of the 
pyramids 5000 years ago; and an iron containing 
some nickel was found in the Great Pyramid of 
Cheops at Gizeh, which dates back at least to 2900 
B.C., and indicated by some recent unusual inves- 
tigations to date back to 10,400 B.C. Tutankh- 
amen’s grave yielded an iron dagger blade still 
largely rust-free. 

Certainly ancient mankind had ferrous alloys, 
at least from recovered meteorites. The further 
reference of Job to “iron .. . taken out of the 


earth”, however, tells us that mining and smelting 
were even at that early time the dependable 
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A Brief History of Alloy Steel 


sources of iron. Some 200 tons of iron implements 
were recovered from the Assyrian army’s arsenal 
room in the palace of Sargon II (about 700 B.C.), 
and the merchants of Dan and Javan in the hey- 
day of Tyre and Tarshish are known to have 
traded in a “bright iron”. 

What made it bright? 

If alloys of iron, or steel, were used in those 
days, but not of meteoric origin, perhaps they 
resulted from fortuitous ore compositions. On the 
other hand, certain rarely read manuscripts on 
the alleged continent of Atlantis, discussed by 
Plato in his “Timaeus” and the unfinished 
“Critias” and amplified by some later savants, 
might shake one’s belief in modern metallurgy’s 
historic pre-eminence — one writer describing 
Atlantean aircraft, for example, made of lightweight 
sheet of the duralumin composition discovered 
a decade after the first publication of his book in 
1896, and stating that the sheet was electrically 
welded — our triumph of World War II! Incred- 
ible, perhaps; but it’s on the record. 


Medieval Alloys 


Challenged for ages by the subtle excellence 
of the swords of Khorassan and Damascus, metal- 
lurgical minds still seek some of their secrets. 
Some damascened steel from Toledo contained 
tungsten, nickel, and manganese. Could this be 
meteoric? Or fortuitous compositions of ore? 

In 1660, J. J. Becher taught in his “Physica 
Subterranea” that all inorganic earths comprised 
three terrestrial principles, or ingredients — (a) 
vitreous, (b) combustible, and (c) mercuric. The 
slagging action during smelting represented the 
escape of the combustible component. Such was 
the science of metallurgy less than 300 years ago. 

In 1702, twenty years after Becher’s demise, 
G. E. Stahl added an appendix to Becher’s text, 











submitting that combustion attended the escape 
of phlogiston—thus confirming the survival of 
the “phlogiston theory” of ancient Greece; indeed 
it was amplified by the great Swedish scientist 
Scheele in 1777 and accepted generally until the 
French savant Lavoisier replaced the one error 
with another. Lavoisier maintained that pig iron 
was an alloy of iron and oxygen, and that the 
varying amounts accounted for the differences in 
their properties. 

Then, in 1796, Clouet in France proved that 
steel is carboniferous iron. He made steel from 
pure iron alloyed with a diamond! And in 1816 
Karsten completely dispelled the older error by 
identifying carbon in iron, both in its combined 
and uncombined forms, and by establishing the 
range of analysis for soft iron, steel, and pig iron. 

To the considerable surprise of the student of 
alloy history, Beck’s “Geschichte des Eisens” will 
disclose that in this period there was discovered 
the red-shortness of sulphurous iron, the cold- 
shortness of phosphoric iron, as well as the similar 
effects of antimony, arsenic, bismuth, and tin. 
As to more useful alloys, Hassenfratz, a commis- 
sioned employee in Napoleon’s iron works, wrote 
a book in the politically historic year of 1812 in 
which he discussed the workability of irons con- 
taining cobalt, chromium, titanium, and tungsten! 

But perhaps several centuries earlier, in 1550, 
Vannoccio Biringuccio, whose “Pirotechnia” was 
recently so ably translated by Smith and Gnudi, 
had his finger on the first alloy steel of the New 
Age. We read on page 70 of the translation the 
following biometallurgical pondering on Damas- 
can, Chormanian, and Azziminan steels: 


I do not know how those people obtain it, or 
whether they make it, although I was told that they 
have no other steel than ours. They say that they 
file it, knead it with a certain meal, make little 
cakes of it, and feed these to geese. They collect 
the dung of these geese when they wish, shrink it 
with fire, and convert in into steel. I do not much 
believe this, but I think that whatever they do is 
by virtue of the tempering, if not by virtue of the 
iron itself. (1!) 


lronmaking Comes to America 


Because of the close weave between iron- 
making and steelmaking, we shall digress for a 
moment to glance at the birth of ferrous metal- 
lurgy in America. 

On the banks of Falling Creek, a tributary of 
the James River in Virginia, John Berkeley built 
the first blast furnace in America as one of the 
commercial ventures following the founding of 
the colony in 1607. On the occasion of its blow- 
ing-in in 1622, the ominous fire and smoke belch- 


ing from this ungodly instrument so alarmed th 
Indians that Chief Opechancanough called js 
warriors to attack, killing all 348 colonists with 
the single exception of the ironmaker’s son, who 
escaped to Jamestown to tell of the disaster, 

Apparently, the first furnace actually to oper. 
ate in America was at the ironworks built in 1644 
on the banks of the Saugus River, near what js 
now Lynn, Mass., a locality so interestingly 
described a year or so ago in Elliott Paul’s book 
of essays, “Linden on the Saugus Branch”. Twelve 
Englishmen, including a minister and two mer. 
chant tailors, formed a “Company of Undertakers 
for the Iron Works”. They were granted , 
charter in 1643; and such was the esteem for 
this venture that the employees were excused from 
“watching for Indians”, and even from attending 
church in Lynn — on the proviso that services be 
conducted at the plant each Sabbath. 

By 1695, at least one other ironworks is 
indicated in the application of John Tucker of 
Southold, L. I., to the Connecticut Court regarding 


“... his abilitie and intendment to make steels 
there or in some other plantation in this juris- 
diction if he may have some things granted.” 


And in 1728 Samuel Higley and Joseph Dewey 
of Hebron, in Hartford County, Conn., represented 
to the Legislature that Higley had 


“. .. with great pains and cost, found out 
and obtained a curious art by which to convert, 
change or transmute common iron into good steel 
sufficient for any use, and was the first that ever 
performed such an operation in America.” 


In 1740, the Connecticut Legislature granted 
to Messrs. Fitch, Walker, and Wyllys 


“... the sole privilege of making steel for the 
term of 15 years upon the condition that they 
should in the space of two years make one-half 
ton of steel.” 


Compare this “one-half ton” with the 90,000, 
000-ton mark surpassed by this country in a single 
year during World War II, and the two billion 
tons of iron and steel which have gone into service 
in America alone since those early days. Currently, 
each person in this country has 14,500 Ib. of stee! 
in his service. 


The Fathers of Alloy Steel 


Faraday —In 1754, Cronstedt had announced 


that “ ... among the metals proper, iron has the 
greatest friendship for nickel”, and sporadic 
references to alloy iron have already been noted 
deep into history. Nevertheless, if a Founder of 
Alloy Steels is to be named, the famous English 
scientist Michae! Faraday can be given the title 
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with much basis in fact. His 
principal competitor might be 
Hassen(ratz, whose work under 
Napoleon was earlier referred to. 

In the years just previous 
to Faraday’s investigations, 
mathematical theories, strangely 
enough, had provided the prin- 
cipal outlet for scientists 
attempting to explain the dama- 
scening effeet — for example, in 
the Wootz steel from India. But 
shortly it began to be suspected 
that damascening depended less 
upon equations than upon alloy 
content. Thus, Faraday investi- 
gated in 1819 a penknife made 
from Wootz steel by an English 
cutler named Stodard. He found 
alumina and silica in it, decided 
it was an aluminum alloy, and, 
on that basis, made an alloy of 
his own which showed dama- 
scening. 

Next, Faraday attempted a 
synthetic “meteoritic iron” con- 
taining nickel; and this was 
followed by alloys of iron with 
the noble metals in an attempt 
to make a corrosion resistant 
steel, and by other alloys, nota- 
bly with chromium. Through 
this latter effort, the attention 
of Berthier in France was 
attracted to iron-chromium 
alloys. By reducing chromium 
directly from ore, Berthier won 
an historic position for produc- 








The Engineering Alloy Steels 
and Their Contribution to American 
s ege s 
Civilization 
S HAS been announced in various mediums, the 
forthcoming 30th annual convention of the Ameri- 
can Society for Metals will pay such tribute as it can 
to men who have discovered and have developed the 
manufacture and use of low-alloy steels. This it 
will do by the award of certificates of distinguished 
service to living Americans who have contributed 
notably to this general advance. Those who are for- 
tunate enough to attend the National Metal Congress 
and Exposition in Philadelphia the last week of this 
month will also see an elaborate visualization of the 
progress made in eight industries since carbon steel 
and plain cast iron have been supplemented by the 
stronger, tougher alloys. As an aid to this visualiza- 
tion, and for those who cannot attend the Exposition, 
Metal Progress devotes this issue to a series of articles 
from each of the large consuming industries, preceded 
by a short history of the world-wide development of 
alloy steels. Most of the authors of the brief articles 
were nominated by the members of the Honorary 
Committee for the Salute to Alloy Steel, heads of the 
respective national associations of their industries. 
Mr. Zapffe’s “History of Alloy Steel” will be reprinted 
with full documentation in a pamphlet for free dis- 
tribution at the @ Convention. 








ing the first ferrochromium and for using this 
material as a master alloy in making chromium 
steel. Berthier’s alloys, like Faraday’s, were high 
in carbon and low in chromium, but his remarks 
on the good corrosion resistance conferred by 
chromium on iron, and the applicability of the 
alloys to cutlery, make interesting reading today. 

Faraday published again on these alloys in 
1822; Berzelius made “meteor steel” with nickel, 
chromium, zinc, and tin in 1829, as did Wolf in 
1830; R. Mushet in England made manganese 
steel in 1830, too high in carbon to be useful; 
Sefstroem in Sweden in 1830 discovered vanadium 
in iron produced from certain ores; Von Liebig 
in 1832 announced that a German steelmaker had 
added nickel to iron and developed a “beautiful 
damascene pattern”; Colby produced some iron- 
nickel alloys in America in 1853. 

In 1858 Fairbairn set the trend back a few 


years, however, by trying 2.5% nickel in cast iron 
and concluding that “pure cast iron” was best. 
Bessemer also considered the possibilities of nickel 
iron in 1858, and made some in 1862, though he 
didn’t publish his information until much later. 
In 1870 Parkes of Birmingham patented nickel- 
iron alloys. By 1885 the Société Anonyme Ferro- 
nickel in Paris brought the first ferronickel on the 
market; and Marbeau probably produced the first 
commercial nickel steel in France in the period 
1885 to 1887, but the value of nickel steel was not 
well demonstrated until a classic paper by J. Riley 
of Glasgow appeared in 1889. 

This, then, is the approximate background of 
alloy steel in general, and nickel alloy steel in 
particular. Hassenfratz in 1812, Faraday in 1820 
to 1822, Berthier in 1821. These are true pioneers 
(though the writer does not doubt that even ear- 
lier efforts can be discovered with further search). 
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As far as the important fellow alloying element, 
chromium, is concerned, its history originates in 
Faraday’s and Berthier’s work — possibly in Has- 
senfratz’s. A period of some decades of sterile 
studies followed the investigations of these 
pioneers, experiments in which the surpassing 
advantages conferred by chromium on steel were 
obscured by an omnipresent excess of carbon in 
the alloys, a restriction of observations to com- 
positions either too low or too high in chromium, 
and an unhappy predilection for testing the cor- 
rosion resistance of the alloys in either salt water 
or sulphuric acid — two exceptions among thou- 
sands of solutions which chromium steels resist! 

However, that story principally belongs to 
alloys high in chromium — stainless. Here we 
shall restrict our attention to engineering alloys. 
Thus, the thread of chromium steel is picked up 
again in 1861 with a patent by Mushet on chro- 
mium added to steel; and in 1865 Julius Baur was 
granted an American patent for chromium steel. 

Mushet — Often called the founder of commer- 
cial alloy steel, Robert Mushet in England cer- 
tainly stands second only to Faraday historically, 
and first with respect to aspects of alloy steel 
which Faraday did not consider. 

Mushet’s work with high-carbon manganese 
steel in 1830 has already been mentioned. Later 
he turned his attention to titanium, tungsten, and 
chromium. In three years, 1859, 1860 and 1861, 
Mushet took out no less than 13 patents on 
titanium in steel, then shifted to chromium with 
the patent in 1861 just mentioned; and in 1868 
to 1871, following some discussions by Jakob and 
Koller in 1855 on tungsten in steel, Mushet devel- 
oped the historic “self-hardening” tungsten and 
tungsten-chromium alloys, forerunners of the 
modern toolsteel and high speed steels perfected 
by Taylor and White in America in 1898. 

Robert Mushet was a great metallurgist on 
many counts; and so far as the modern field of 
toolsteels is concerned, Mushet was the founder. 

Hadfield and Guillet—-Under the names of 
R. A. Hadfield in England and L. Guillet in France, 
one can place much of the remaining alloy steel. 
Hadfield in 1882 developed the famous wear- 
resisting high-alloy steels containing 10 or 12% 
manganese; in 1889 he developed the silicon steels 
for transformers; and his papers in the period of 
the turn of the century constitute broad discus- 
sions of iron alloys with chromium, with silicon, 
with molybdenum, and with other elements. 

Leon Guillet, publishing in France, principally 
in the first decade of the present century, described 
the alloy systems of iron with chromium, nickel, 
silicon, manganese, tungsten, molybdenum, tita- 
nium, vanadium, cobalt, tin, aluminum, and other 


elements, singly and in groups. Among his man 
metallurgical accomplishments is that he origi. 
nated stainless steel, being first to make and t 
study metallurgically the principal composition; 
upon which the modern alloys are based. 


Alloy Steel Becomes an Industry 


Steelmaking can be said to have begun jp 
1856 with the invention of the converter hy 
Bessemer in England and Kelly in America, fo; 
thereafter it was a tonnage industry, greatly to be 
expanded by improvements and developments ip 
the openhearth and electric furnace. Previously. 
the crucible furnace, limited in capacity and in 
analysis control, was the predominating medium 
for producing steel since its invention by Hunts. 
man in 1740. There was some resurgence in 
crucible melting under the impetus of World War 
I; but now it is dead in America, the last heat 
being made in LaBelle works of Crucible Steel Co. 
of America (the last survivor over here) in 1942. 

Steel rails were produced in America in two 
different plants in 1865, at the William Butcher 
Steelworks (now Midvale) and of bessemer stee! 
at North Chicago Rolling Mill (on a site now 
occupied by Scully Steel Products Co.). 

In 1868 the first bridge in the world to use 
steel in its main arch members was built at 
Kuilenberg, Holland, over an arm of the Rhine, 
and, in 1875, the first railroad bridge in the world 
to be made with some steel members (rather than 
timber and wrought or cast iron) was the Glasgow 
bridge of the Alton R.R. (now Gulf, Mobile and 
Ohio R.R.). As a matter of fact, the steel in this 
latter bridge was claimed to be an “alloy steel” 
invented by A. T. Hay of Burlington, Iowa. It 
had 80,000-psi. tensile strength and 50,000 yield, 
and was made in Edgar Thomson Works of 
Carnegie Steel Co. 

But with regard to establishing “firsts” in 
alloy steel, we shall return to the year of 1865 
when Julius Baur obtained an American patent 
for making chromium steel, and 1869 when he 
established his Chrome Steel Works in Brooklyn. 

Baur produced his steel in the then conven- 
tional crucible furnace and turned the product 
toward the manufacture of mining tools, grinding 
equipment, and burglarproof vaults and cells. A 
circular distributed by his company displayed 4 
dejected convict behind “chrome steel bars” which 
guaranteed that the miscreant was now in jail 
“for keeps”. The caption below the picture, 
“THE JAILBREAKER’s CATECHISM”, involves such 4 
pathetic confusion with the word “cataclysm” that 
the reader can be prepared for anything he might 
hear about Baur’s venture. 
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In accordance with such expectation, a mon- 
strous contention arose in metallurgical circles, 
even reaching the newspapers, when Baur was 
advertised to have supplied his chrome steel for 
Capt. J. D. Eads’ daring bridge structure crossing 
the Mississippi at St. Louis in 1872-1874. Howe 
devotes many long paragraphs in his classic text 
to deriding Baur, even to the point of stating that 
no chromium could even be found in the slag of 
the Chrome Steel Works! 

Since Thum many years later published the 
analysis of metal from the main arch members 
which showed them to contain approximately 
0.70% chromium and 1% carbon, Baur’s position 
is historically sound. Whether Mushet or others 
actually preceded him in the commercial produc- 
tion of chromium steel or not, it was Baur’s work 
which attracted the attention of the eminent 
French metallurgists, Brustlein and Boussingault. 
They proceeded to add chromium to armor plate, 
and their work was both fruitful and magnificently 
handled. 

But it was Baur, stumble and bumble as he 
did, who opened the world-wide gate to Industrial 
Alloy Steel. And he did it right here in America! 


Alloy Steels Enter Armament 


At the 1876 Philadelphia Exposition, the only 
alloys of chromium and iron to be shown were 
Baur’s ferrochromium and chromium steel. By 
1878, however, the Paris Exhibition displayed 
chromium steel from Sheffield and Dannemora, 
and ferrochromium from the Terre-Noire Works. 
Boussingault in France had early followed up 
Baur’s work with special success, writing a fine 
account of chromium steel in 1878. A_ second 
notable Frenchman, Brustlein, concurrently initi- 
ated the use of chromium steel in armament in 
the period 1877 to 1886 and thus opened a new 
phase of military tactics through metallurgy. 

In 1882 the Hadfield Steel Foundry as well as 
T. Firth and Sons in England began the production 
of chromium steel shells; and the classic paper 
on chromium steel by Hadfield in 1892, with its 
extensive appendix by Osmond, shows one how 
centralized the metallurgical thought of that day 
was on alloy steel armament. 

In the meantime, nickel alloy steel, which had 
been slower to develop because of its expense, 
began to be produced commercially by Marbeau 
in France in 1885. It was this work which 
attracted the attention of British armament man- 
ufacturers to nickel steel and led to Riley’s classic 
paper in 1889, from which the knowledge about 
nickel alloy steel virtually dates. 

In turn, this attracted America’s attention; 
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and Lt. B. H. Buckingham, U.S.N., and S. J. 
Ritchie were sent to Europe to investigate nickel 
alloy armament. In 1891 our Navy tested nickel 
steel plates from the Schneider works in Creusot, 
France; they proved so superior to unalloyed 
plates that they were thenceforth adopted as 
standard for Navy armament. 

Apparently the first alloy armor plate in 
America was made by the Bethlehem Iron Works 
(predecessor of Bethlehem Steel Corp.) sometime 
after the granting of a government contract in 
June 1887, and this was closely followed by its 
production at the Carnegie Works about 1891. In 
that year H. A. Harvey patented his “face- 
hardened” carburized armor, developed in_ the 
Bethlehem plant; this process was also accepted 
as a standard by the military. 

Soon these vying developments among nickel 
and chromium alloy steels resulted in ternary 
alloys ——the nickel-chromium alloy steels. The 
last decade of the 19th century was certainly the 
period of adolescence through which the baby 
seedling of alloy steel matured into a full-grown 
industry. The cook who put the crust on the pie 
was the Spanish-American War of 1898, for alloy 
steel greatly aided Admiral Dewey to victory in 
Manila Bay. America’s first 16-in. gun was forged 
by the Bethlehem Iron Works from nickel steel 
and assembled at Watertown Arsenal in 1898. 
Carpenter Steel Co., which had made alloy steel 
projectiles for the Government since 1892, con- 
tracted to make 27,000 chromium-nickel projec- 
tiles in 1898. These projectiles “made a great hit” 
(as it was said) in the Spanish-American War, 
and the company was later awarded a truly 
immense certificate by the Navy. 

In this same period German metallurgists 
were customarily active, Krupp making important 
contributions to the nickel and nickel-chromium 
steels, and in 1899 forging a nickel steel crank- 
shaft for the steamship Deutschland. Alloy steels, 


so far as the military were concerned, were “in 


Alloy Steel Becomes Engineering Steel 


About 1883 Osmond announced the transfor- 
mation points in steel, and in 1886 Sorby opened 
the field of micrography. Ferrous metallurgy then 
became a science. A _ 10-story steel skyscraper 
appeared in Chicago; and in 1892 the Barnum and 
Bailey Circus exhibited a French “horseless car- 
riage” made of steel. 

Héroult invented his electric furnace in 1886, 
particularly suited to the alloy steelmaking whose 
initiation as armor plate and projectiles we have 
just noted. Alloy toolsteels were produced during 
the 1890's, of course, and it was in that decade 





that the alloy steels entered nonmilitary industry. 

In 1893 the Ferris Wheel at the Chicago 
World’s Fair boasted a hollow-forged nickel steel 
shaft with 3% nickel and 0.25% carbon made by 
the Bethlehem works. Shortly thereafter that 
analysis was substituted for the hazardous wrought 
iron or German crucible steel shafts in Mississippi 
steamboats. The Bethlehem works also supplied 
heat treated nickel steel field rings for the electric 
generators at Niagara Falls in 1893. 

In 1892 the Taylor-Wharton Iron and Steel Co., 
which celebrated its 200th anniversary in 1942, was 
licensed by Hadfield to make his manganese steel 
in America. First unsuccessfully applied to car 
wheels, it was later adopted for frogs and crossings. 
The Panama Canal was dug to a great extent with 
power shovels having manganese steel teeth. 

In 1898 the Whitney Mfg. Co. at Hartford 
adopted a 5% nickel steel for bicycle sprocket 
chains, and the Pope Mfg. Co. applied this metal 
to bicycle tubing. 

Nickel seemed to be getting a good start, but 
it was not without competition. To meet the grow- 
ing demand for chromium in America, De Chalmot 
experimented at Spray, N. C., in 1896 on electric 
furnace reduction of chromium ore, following the 
classic experiments of France’s Moissan 10 years 
earlier, and J. T. Morehead in 1897 began com- 
mercial production of ferrochromium at Holcomb 
Rock, Va. As the demand was greatly increased 
by the Spanish-American War, a larger plant was 
built at Kanawha Falls, W. Va., in 1901, which 
was purchased in 1907 by the Electro Metal- 
lurgical Co. 

Although this transition period from steel to 
alloy steel and from armament to industry was 
based almost exclusively on nickel, chromium, and 
nickel-chromium alloys, some mention of silicon 
steel is warranted. Hadfield discovered its useful 
electrical properties in the eighties; and in 1896 
J. F. Kelly of the Standard Electric Co. noticed the 
beneficial effect of silicon on the aging character- 
istics of transformer cores. Interest became par- 
ticularly keen in the silicon alloys following a 
publication by Hadfield, Barrett, and Brown in 
1899; and in 1903 a commercial heat was melted 
at the River Works of the General Electric Co. in 
Lynn, Mass., and shipped to Allegheny Ludlum's 
Brackenridge plant where it was rolled to sheet. 
By 1904 production was on a commercial scale, 
and the stage was set for a continuing study of 
this alloy, now 40 years in progress and by no 
means finished — even though improvements in the 
steel melting and heat treatment have enhanced 
the magnetic properties so that power transformers 
of ordinary ratings have been cut to half their 
1930 size and their price held practically constant. 


Alloy Steel Enters the Automotive Industry 


If automobiles had been invented a quarter 
of a century earlier, there is some valid question 
whether they could have developed enough power 
to move their own massive engines. Arriving as 
they did, concurrently with the development of 
alloy steel, the automotive industry swept alloy 
steel manufacture into a tonnage industry. 

So far as known to this writer, Haynes and 
Apperson introduced alloy steel to the automotive 
industry when, in 1899, they placed a nickel stee| 
axle in one of their vehicles and drove “ . . . with. 
out serious breakage of any kind” (!) from 
Kokomo, Ind., to New York City —a distance of 
1000 miles. The axle was made by the Bethlehem 
Steel Co. and was used for about five years 
without one case of breakage . . . “practically free 
from crystallization”. 

In the meantime, vanadium had entered the 
alloy steel picture in France, alone and in com- 
bination with nickel and with chromium, having 
been introduced into armor plate by the Firminy 
Steel Works there. Arnold and Kent-Smith 
studied the alloys in England at the turn of the 
century, and A. B. Frenzel of Denver returned 
from a visit to the European laboratories with a 
strong conviction that America needed vanadium 

Then one night a German prospector stum- 
bled into a saloon in Pittsburgh and, influenced 
considerably by C,.H;OH, mumbled that he had 
seen vast deposits of high-grade vanadium ore in 
the Andes of Peru. His listeners, fortunate 
enough to have both money and metallurgical 
sense, hired the man to go back there and show 
it to them. While the true story is probably only 
known to the immediate participants, the Ameri- 
can Vanadium Co. acquired the properties. The 
ore was named “patronite” in honor of a loca! 
Peruvian, Patron, who is said to be the real dis- 
coverer of the ore and its nature. The deposit 
was at an elevation of 17,000 ft., and the ore was 
packed to the coast on the backs of llamas until 
those animals were replaced by a railroad. 

For the first several years of the new century. 
the nickel and chromium alloy steels filtered 
slowly into the automotive industry. The Brown 
and Sharpe Mfg. Co. and Cape Tool Co. were 
among the very first to accept the steel; and soon 
it was serving in the Locomobile, Pope-Hartford, 
Stevens-Duryea, Knox, Lozier, Electric Vehicle. 
and other makes of honorable memory. 

In the spring of 1905, for example, the 
Locomobile Co. of America placed an order with 
the Carpenter Steel Co. for alloy steel forgings for 
the front and rear axles, crankshaft, gears, s‘eet- 
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ing knuckles, arms, and reciprocating parts of the 
Vande: bilt Cup Racer for that year. The vehicle 
survived the “terrific speed of 78 miles per hr., 
skidded off the road, turned completely around and 
landed in a plowed field”. In less than two min- 
utes it was back on the road and won the race! 

Henry Ford, it seems, was at this race in Palm 
Beach. A French car was smashed, and a small 
piece of valve stem fell near Ford’s feet. Ford 
recognized it as a new metal, found on analysis 
it contained vanadium, and hired Kent-Smith to 
come to America and show him how vanadium 
could be added to steel. The trick was turned 
at the United Steel Co. in Canton in early 1907. 

In 1906 Ford initiated the heat treatment of 
alloy steel for automotive parts, having used 
unalloyed steel without heat treatment previously, 
and in 1907 he literally and personally converted 
alloy steel into a tonnage industry by ordering it 
by the carload for certain parts of his vehicles. 

Yes, the Model T Ford, bless its heart, not 
only contributed some priceless memories to those 
born in its generation, but it opened an alloy steel 
industry which surpassed 13,000,000 tons in 1943! 


Alloy Steel and World War | 


In 1905 the automotive industry began writ- 
ing specifications for its steels, and in 1911 a 
vast assortment of proprietary analyses was 
reduced to a group of seven carbon steels and 
eleven alloy steels. (Now there are more than 
100 in the A.LS.I. list.) 

Silicon, toyed with for decades as an alloying 
element in structural steel, was used in the ship 
plates of the Mauretania in 1907 by the English. 
In that same year the Electro Metallurgical Co. 
produced its first ferrosilicon, and in 1915 silicon 
steel went into a bridge over the Ohio River at 
Metropolis, Ill. 

Molybdenum was added to steel by John A. 
Mathews in 1901, which is certainly an extremely 
early date, the iron-molybdenum alloys having 
scarcely been studied in the laboratory by then. 
In 1906 molybdenum steel was being made com- 
mercially. Monnartz, who discovered the “stain- 
lessness” of the stainless steels made a few years 
before by Guillet, patented a stainless steel in 1910 
containing molybdenum. 

Copper was added to nickel steel by Clamer 
in that same year, considerably antedating the 
modern alloys soon to be mentioned. 

In 1905, R. S. Read met Dr. Paul Héroult, 
French inventor of the modern electric furnace, 
and one of Héroult’s furnaces was shipped to 
America. The plot of ground surrounding that 
furnace’s site became what is now the Halcomb 
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Works of the Crucible Steel Co. of America, and 
there, in 1906, the first electric furnace steel in 
the Western hemisphere was poured—a carbon 
toolsteel. By 1909, alloy steels were being melted 
for the automotive industry—3%% nickel, 
chromium-vanadium, chromium-nickel. Then 
followed tungsten magnet steels, chromium mag- 
net steels, Krupp chromium-nickel steel, and, in 
1919, high-chromium stainless steel. “Old Num- 
ber One” is now on a concrete pedestal in Bulley 
Park in front the steelworks’ office building; and 
the curious visitor there will be informed that 
“ ... it still could be melting steel’! 

In 1910 the electric furnace capacity in 
America was 0.2% of the total steel production. 
In 1918 it passed the 1% mark for total steel, 
but made 16% of the total alloy steel produced. 
Since 1939 the electric furnace has made the most 
spectacular advance of any department of the 
metal industry, and, although the bulk of low- 
alloy steel is still produced in the openhearth, the 
electric furnace now produces in the neighborhood 
of 30% of the total alloy steel made in America. 

Aeronautics, of course, stepped immediately 
into the picture. Wilbur and Orville Wright's 
first successful plane contained chromium-nickel 
steel, as did Lindbergh’s “Spirit of St. Louis” a 
quarter of a century later. 

By 1910, catalogs of most of the steel com- 
panies advertised alloy steels—the usual chro- 
mium, nickel, and vanadium combinations, plus 
a few others, such as tungsten and silico-manga- 
nese. In the period 1912 to 1915, stainless steel 
was developed commercially. 

World War I, as would be expected, exerted 
a powerful influence on this new and promising 
field, pressing forward both research and _ the 
utilization of results from previous research. A 
new era in molybdenum steels opened with the 
discovery by C. H. Wills and H. T. Chandler in 
Ford Motor Co.’s laboratory of the effect of frac- 
tional percentages of molybdenum on chromium- 
nickel-vanadium steels. This found outstanding 
use in World War I Liberty motors and baby 
tanks. The Climax Molybdenum Co. aided this 
development with the opening of a large deposit 
of disseminated molybdenite in Colorado, and 
built a mill for its concentration. Another new- 
comer element, zirconium, was tried in light armor 
by Ford in 1918. 


Low-Alloy High-Strength Steel 


In the 1920's, alloy steel came out of the 
openhearth on a tonnage basis. Then the age of 
close metallurgical control began, and attention 
was turned toward clever manipulation of the 











alloy compositions. First im a succession of dis- 
coveries of top importance was the announcement 
by McQuaid and Ehn in 1922 of the relation of 
hardening characteristics to grain size. While 
their work specifically concerned carburized steels, 
the principle had much broader applications to 
general hardening phenomena. 

In 1926 the first large pressure vessel was 
welded, and the problem of welding stresses in 
the hardenable steels became acute. 

Then, in 1928 to 1930, A. B. Kinzel of the 
Union Carbide and Carbon Research Laboratories 
opened the present vogue of high-strength low- 
alloy steels with the introduction of “Cromansil” 
—a combination of small amounts of chromium, 
manganese, and silicon, from whence the name. 
The idea was perhaps not strictly new; but the 
adoption to a practicable engineering procedure 
was both new and of the greatest importance. 

Virtually iron alloys, rather than steel, these 
new grades depended upon addition elements 
other than carbon for an increased yield strength, 
and a carbon content sufficiently low to preclude 
an important degree of hardening by heat treat- 
ment. The metal was to be used as-rolled. The 
tensile strength is also raised, of course, but not 
in that proportion to yield strength which char- 
acterizes hardenable carbon steels. Nor is the 
yield strength made too high, for the purpose of 
the steels is to combine good workability and 
good weldability with high strength, allowing 
lighter sections to be used without the necessity 
of heat treatment— always an expensive opera- 
tion, and especially so with massive or cumber- 
some pieces. Typical figures are a 60,000-psi. 
yield strength and a 75,000-psi. tensile strength. 
An improved corrosion resistance is also sought 
to compensate for the danger of exposing the 
thinner structural members to corrosion. 

By 1933 the Germans had built the “Flying 
Dutchman”, the first lightweight streamlined 
train employing high-strength low-alloy steel of 
“St-52”, a silicon-manganese-copper type. 

In America, related compositions appeared in 
great number. As Gillett remarked in 1936: 


“ ... a whole covey of new steels has been 
flushed in the last couple of years, and .. . scat- 
tered birds are still rising.” 


In the same paper Gillett shifts his metaphor as 


he notes the excesses committed by overenthusi- 
astic inventors: 
“... not a bad idea to have a good-sized litter 
of kittens from which to select the smartest ones 


and those that are most readily housebroken, even 
if we have to drown the rest.” 


In that year 29 proprietary grades were on 


the U. S. market. Besides chromium, nicke| 
molybdenum, vanadium, manganese, and silicon, 
there developed a unanimous use for a little Cop- 
per, both for strengthening and for corrosion 
resistance. Phosphorus also became an alloying 
element in its own right. The steels usually cop. 
tained at least three of these elements in signif. 
cant quantities, yet less than a per cent or two: 
they were furnished to the customer as-rolled, 
annealed, normalized, or stress-relieved, and ordi- 
narily used without further heat treatment. Ar 
welding, of course, might require preheating 
postheating, or stress-relieving. 

By now quite a number of these “kittens” 
have been drowned, as Gillett might say, so that 
less than a dozen steels are listed in an able 
review in 1947. These are “Aldecor” (Cu-Mo 
and “Double-Strength” (Cu-Ni-Mo-Mn) of the 
Republic Steel Corp.; “Cor-Ten” (Cu-Ni-Cr) of 
United States Steel; “Dynalloy” (Cu-Ni-Mo-Mn-P 
of Alan Wood Steel Co.; “Hi-Steel” (Cu-Ni-Mo-A] 
of Inland Steel Co.; “Mayari-R” (Cu-Ni-Cr) of 
Bethlehem Steel Co.; “Otiscoloy” (Cu-Mn) of 
Jones and Laughlin Steel Corp.; “Yoloy” (Cu-Ni 
of Youngstown Sheet and Tube Co.; “N-A-X High 
Tensile” (Cr-Zr) of Great Lakes Steel Corp.; and 
“Manganese-Nickel-Copper” of Carnegie-Illinois. 


N.E. Steels in World War Il 


In the course of the development of the high- 
strength low-alloy steels, it became increasingly 
apparent that a multiplicity of alloy components 
was more effective than a similar total made up 
of only one. Concurrently, the contribution of 
carbon to hardenability became better understood. 
For example, Bain and Davenport brought out the 
S-curve in 1930, later modified in the lower tem- 
perature range by Greninger and Troiano; and in 
1937 Janitzky and Baeyertz proved that full-hard 
steels had equal hardnesses regardless of alloy 
composition. As Gillett was heard to say: “Mar- 
tensite is martensite, no matter how you get it.” 

Then Jominy and Boegehold in the General 
Motors Laboratories developed the end-quench test 
for studying hardness characteristics; and in 
1942 Marcus Grossmann published his classic paper 
on calculating hardenability from composition. 
Grossmann’s idea was that hardness is a direct 
function of martensite, and that each element has 
a measurable contribution to make in the forma- 
tion of martensite. His paper crystallized a concept 
which had been growing slowly, and now flowered 
into a development of alloy steels so important 
and so timely one can well ask what the course of 
World War II might have been without it. This 
new concept is essentially as follows: 
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{. Maximum hardness is a function of carbon 
content; also grain size. 
29 Depth of hardness is a function of alloy 


content. 
3. A multiplicity of elements in small quantities 


js more effective than a similar total quantity of one. 
4. In their effects, the alloy elements are, to a 
large extent, interchangeable. 


Almost immediately the time-honored curves 
showing mechanical properties after various tem- 
perings dropped out of the S.A.E. Handbook, and 
end-quench hardenability curves—“H Bands” — 
came in instead. Now engineers are learning to 
select their steels on the basis of a hardenability 
range without close restriction to chemical com- 
position, and steelmakers are benefiting from 
being able to utilize helpful scrap contaminations, 
to use their favored proprietary compositions, and 
to be freed from meaningless restrictions in the 
preparation of a given steel. 


Other Alloy Developments 


Upon these greater developments, lesser ones 
could be added without number. Titanium, enter- 
ing steelmaking in the first decade of this century 
as a medicine for rail steel, and more successfully 
in the 1920’s through the doorway of stainless 
steel, has lately struck a new mark in the non- 
reboiling, nonsagging “Ti-Namel” steel for the 
vitreous enameling industry. (It eliminates the 
groundcoat required since the dawn of enameling 
steel.) Then there is “Ledloy”, using lead to confer 
machinability; “DM”, opening low-alloy steels to 
service at elevated temperatures; “Nitralloy” with 
aluminum and the practice of surface hardening 
with nitrogen. And, of course, there are the tool- 
steels and the stainless steels, each group a separate 
story in itself, outside the scope of this article. 

In the melting operations, we have already 
noted the demise of the crucible process and the 
rise of the openhearth and especially the electric 
arc furnace. We should not forget induction melt- 
ing— it made thousands of gun tubes in World 
War II. Perhaps as very recent developments one 
might mention the increasing control over very 
subtle gas phenomena in steelmaking, the oxygen 
lance for carbon reduction, and measures for 
reducing the hydrogen content of sensitive alloys. 

In heat treatment, induction hardening has 
made a spectacular entrance, although flame hard- 
ening (which it at first specifically replaced) is 
how resurging remarkably. The heat treatment of 
castings is a great step forward from early casting 
history. Such refinements as austempering, mar- 
tempering, deep freezing, stress relieving, isother- 
mal annealing have brought metallurgy from an 
art to a science. 
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A Salute to Alloy Steel 


It is a long path that we Americans have 
traveled from Julius Baur’s highly disputed chro- 
mium alloy steel of 75 years ago, to a production 
of alloy steels reaching 13,116,000 tons in 1943 — 
16% of the total ingot steel made in that year. 

What will the future bring? 

The answer probably depends on the answer 
to other questions, such as: 

Physicists tell us that the theoretical strength 
of metals is from 1000 to 10,000% greater than their 
actual measured strengths; why this difference? 

What causes a metal to creep under moderate 
loads, or fail under repeated ones? Possibly the 
top research field today in fundamental metal- 
lurgy is the investigation of deformation and 
cleavage phenomena in metals — the reasons why, 
for example, over forty of our welded ships made 
during the war broke completely in two. 

Why does a metal deform elastically up to a 
certain amount, then separate into sliding frag- 
ments, and then as suddenly freeze tight again? 

Scientists the world over are turning their 
attention to this matter; witness the great popular- 
ity of the symposiums on the solid state, held 
previous to the Metals Show the past two years. 
A new theory for the solid state is currently being 
released from the writer’s laboratory. If this theory 
is correct, metallurgists will know why steel is 
much less strong than calculations show it should 
be —- why we do not have steels with strengths in 
the millions of pounds per square inch. And know- 
ing why one does not have something is often the 
first step in attaining it. 

On this anniversary, the story culminates with 
the National Emergency steels; and the figures for 
yield and tensile strengths commonly discussed are 
60,000 and 75,000 psi., respectively. Perhaps the next 
historian can describe, as his climax, engineering 
alloys with yield and tensile strengths of 600,000 
and 750,000 psi., respectively! Actually, the theo- 
retical evidence in favor of exactly this, and more, 
is surprisingly great. 
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Alloy Steel in Oil-Field Equipment 


By R. L. Adams* 
Chief Metellurgist 
National Supply Co., Toledo, Ohio 


S THE DEMAND for petroleum has increased 

throughout the civilized world, the necessary 
reserves have been found at greater depths. 

The first well for the purpose of obtaining oil 
was drilled in 1859, by Colonel Drake at Titusville, 
Pa., and produced from a depth of 58 ft. In 1928, 
the record drilling depth was 9000 ft. Ten years 
later, in 1938, 150 wells had been drilled beyond 
10,000 ft. and the record stood at 15,002 ft. Now, 
after another decade, 10,000-ft. wells are common- 
place; some wells have penetrated beyond 12,000 ft. 
There are more than 20 below 15,000 ft. and the 
record stands at 17,823 ft. 

Machinery is now being developed which will 


*The author wishes to acknowledge the assistance 
of H. L. Willke, chief engineer of National Supply Co., 
Toledo, Ohio, in the preparation of this article. 


be capable of drilling to 20,000 ft., and this depth 
of about four miles will be attained in the very 
near future. To make this possible, coordinated 
engineering and use of alloys is demanded to a 
higher degree than ever before on all component 
parts of a drilling rig. Without alloy steels, wells 
having only a fraction of this depth could be 
drilled. 

The earlier wells were drilled with cable tools 
— that is, by percussion methods. The chisel-like 
drilling bit was suspended from a cable fastened 
to a walking-beam; the motion of the beam raised 
the bit and then allowed it to fall, thus crushing 
its way downward. The cuttings were removed 
periodically with a bailer. 

Modern drilling is done by the rotary method 
As the name implies, the bit is attached to a long 
hollow shaft (the drill pipe) and rotated by means 
of a horizontal rotary table at the floor of the drill 
rig, this table being turned by an adequate engine 


Fig. 1 — Comparative Size of Largest Modern Power 
Pump, Geared (825 Hp., 52,250 Lb.), and Original 
Steam Slush Pump of 1915 (60 Hp., 4160 Lb.) 





drive. To the bottom of the string is attached 
a bit, which may be one of several types. For 
drilling in most soft formations, a blade-type bit 
is generally used. Hard formations require a bit 
with rotating cutters provided with teeth to shat- 
ter the rock. In both types, tungsten carbide is 
used extensively in the form of welded-on frag- 
ments or inserts. A viscous soupy mud is 
circulated down through 
the drill pipe and returns 
to the surface through 
the annulus between pipe | 
and casing or drilled 

hole, carrying out cut- 
tings as the drilling pro- 
gresses. This mud is 
circulated by a slush 
pump (Fig. 1). 

The first slush pump 
built by the National 
Supply Co. in 1915 was a duplex steam pump 
having about 60 input horsepower. The largest 
pump built at the present time is a power pump 
which incorporates a reduction gear operating the 
pistons through a crankshaft. Power is furnished 
from an outside source, often a diesel engine. This 
pump requires 825 input horsepower to operate at 
its rated capacity. The contrast between these 
two pumps is shown in Fig. 1 and Table I. 


Fluid cylinders 
Fluid valves 
Fluid valve seats | 
Cylinder liners 
Fluid piston rods | 


ORIGINAL PuMP | 


Bessemer screw stock 


The crankshaft in the power pump (Fig. 2) is 
made of heat treated chromium-nickel-molybdenum 
steel and weighs approximately 7000 lb. The frame 
is fabricated from steel plates, shapes and castings. 

The complete pump weighs 52,250 lb. and is 
20 ft. 9 in. long, as compared with a weight of 
4160 lb. and an over-all length of 7 ft. 2 in. for 
the old steam pump. 


Table I— Comparison of Materials in the Two Pumps Shown in Fig. 1 


LARGE Power PuMp 


| Steel casting 

| A.I.S.1. A4820 forgings 

| A.LS.I. A4150 forgings 
A.LS.1. A5060, induction hardened 
A.LS.1. A4140, induction hardened 


Cast iron 
Cast iron 
Cast iron 
Cast iron 


Drill Pipe and Casing — Several grades of drill 
pipe are specified by the American Petroleum 
Institute, each being suitable for holes of certain 
depth ranges. The specifications call for certain 
physical properties, some of which can be met 
with carbon steel. Grade E drill pipe is specified 
as having a minimum yield strength of 75,000 psi. 
This of course means alloy steel. 

A small quantity of A.LS.I. A4340 normalized 


Fig. 2 — Machining the Cr-Ni-Mo Forging for Crankshaft of the Modern Power Pump Shown in Fig. I 
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and tempered drill pipe having a minimum yield 
strength of 105,000 psi. has been produced for the 
deepest drilling. The necessity for alloy steel for 
these long strings of drill pipe can easily be seen 
when it is remembered that a suspended steel 
column of uniform section 20,000 ft. long stresses 
itself to 70,000 psi. merely by supporting its own 
weight. 

Even the shallowest of holes had to be lined 
in the upper reaches to prevent earth and soft rock 
falling into them or being washed out with the 
gushing oil. Modern holes are lined completely 
from well head to bottom; the pipe is called “cas- 
ing” in oil-field parlance. A large quantity of low- 
alloy casing has been produced and a limited 
quantity from A.I.S.I. A4340 (1.75 Ni, 0.80 Cr, 
0.25 Mo), normalized and tempered. 

“Tool joints”, the couplings between the sec- 
tions of drill pipe, first were untreated carbon steel 
but are now heat treated alloy of a variety of 
compositions. The “regular” joints made by the 
writer’s firm are made of A.I.S.I. A8645 with some 
special requirements included in the specifications. 
Service places great demands upon the steel, as the 
joints are subjected to all types of stress. The 
conical-joint threads, under these high stresses, 
must be tightly assembled and the steel must resist 
galling when the string is withdrawn to renew the 
bit. Those used in the deepest drilling are made 
from E4340 plus vanadium. Obviously a failure of 
drill pipe or coupling, deep in the hole, would be 
a major calamity. 

Drill collars may well be described as heavy- 
walled, hollow shafts which are screwed into the 
line immediately above the drill bit and connect 
the bit to the drill pipe. In usual drilling practice 
the drill pipe is kept in tension and enough drill 
collars are used to supply the correct pressure upon 
the bit. These drill collars are made of alloy, 
A.LS.I. A4140 Cr-Mo steel being a popular type. 


Drill Rigs 


So much for the subsurface end of drilling. 
The spectator sees principally the derrick and the 
surface machinery. 

Shafting used in various parts of the rig is 
now predominantly of alloy steel, many of the 
larger shafts being A.I.S.I, A4340 (Ni-Cr-Mo). 

Brake rims often operate at tremendously high 
speeds and, needless to say, under heavy loads. 
They must not only resist severe abrasion but also 
thermal cracking. Seamless forgings made of 
special chromium-molybdenum steel, normalized, 
quenched and tempered, are suitable for this 
application. 

The sprocket chain used for driving much of 


the oil-field equipment is made in many siz 
adaptable to diffcrent types of service. This chain 
is largely made from alloy steel. The varioys 
manufacturers use steels of different composition; 
capable of meeting the intended service. 


The Producing Well 


When the well finally reaches the oil sand, js 
properly cased, the drill string withdrawn, and 
necessary connections and valves installed at the 
well head to deliver the oil, there remains the 
problem of getting the greatest ultimate amount 
of oil possible from it. A few wells originally 
produce oil and gas at such high pressure that 
they are controlled with the greatest of difficulty. 
Even they, after a period of free flow, decline to 
a point where oil must be pumped — a production 
period that often goes on for years. 

Sucker rods, the rods which extend from the 
top of the well to the “working barrel” or pump 
which is below the surface of the oil, are made of 
both carbon and alloy steels. The alloy steels are 
used not only for strength but to resist corrosion 
and hydrogen sulphide embrittlement. Many differ- 
ent specifications have been used in the more 
severely corrosive situations. Cost practically pre- 
cludes the use of stainless steel. A.I.S.I. A4620 
(2% Ni, Mo) has given satisfactory results in many 
oil fields. It might be mentioned that wooden 
sucker rods were extensively used in wells 30 or 
more years ago. 

The present-day pumping units are made in 
a number of sizes. The larger National units have 
fabricated steel gears and A4140 heat treated 
pinions to provide the proper speed reduction. 
Walking-beam saddle shafts and pitman bearing 
pins are made of induction hardened alloy steel. 

The items enumerated in the foregoing para- 
graphs by no means comprise all of the alloy steel 
parts used in oil fields. To continue listing and 
describing traveling blocks, crown blocks, hooks, 
connectors and other assemblies would become 
monotonous. 

Not only must oil-field equipment be capable 
of meeting the service demands put upon it, but 
it must be portable. While assemblies weighing 
in excess of 50,000 Ib. are considered “portable”, 
without alloy steels even this weight requirement 
could not be met. 

Most industries, transportation and many 
home comforts depend upon oil and this increas 
ing demand can be met only through the use of 
alloys in the production and refining of petroleum. 

Alloy steel well deserves a salute from the 
oil industry and each of us as individuals for 
making it possible to meet this demand, a 
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By F. C. Braun 
Materials Engineer 
Gulf Oil Corp. 
Pittsburgh 


WENTY-FIVE years ago carbon steel was vir- 

tually the only material of construction in the 
petroleum refining industry. Today, alloy steel 
has largely replaced carbon steel in a great many 
refinery processing applications. 

The need for alloy steel in refinery equipment 
was caused by two changes in the petroleum 
industry: (a) the development of the process 
known as “cracking”, which utilizes higher tem- 
peratures and pressures than were used previously, 
and (b) the refining of high-sulphur crude oil in 
this process. 

In. 1920, oil was refined by the relatively simple 
process of fractional distillation at temperatures 
below 800°F. Steadily increasing demand for 
motor fuel called for plants that would yield a 
larger proportion of gasoline from crude petro- 
leum, and the cracking process was developed in 
response to this need. Cracking differs from 
simple distillation in that it produces new com- 
pounds not originally present in the crude oil, by 
breaking down some of the larger organic mole- 
cules into smaller ones by means of heat and 
pressure. The cracking process brought more and 


Alloy Steel in Oil Refineries 


better gasoline to the American motorist and air- 
craft pilot. To the refinery engineer, it brought the 
necessity for using alloy steel to withstand the 
higher temperatures and pressures and more 
severe oxidizing and corrosive conditions. 

The enlarged demand for gasoline resulted 
also in an increasing exploitation of the great 
reserves of crude oil from the West Texas fields. 
These West Texas crudes were high in sulphur 
compounds and very corrosive, and many refin- 
eries that had previously been operating on 
“sweet” crude faced corrosion problems they had 
never met before. It became necessary that the 
steel used in refinery equipment be modified to 
resist corrosion by sulphur-bearing liquids and 
gases. The chromium steels developed .solved this 
problem to a great extent and played an important 
part in enabling the oil industry to double its 
domestic production of motor fuel during the 
thirteen years from 1928 to 1941. 

Early Cracking-Furnace Tubes — The modern 
refinery is a complex assembly of tubes, pipes, 
valves and fittings, with numerous items of auxil- 
iary equipment connected mechanically to the 
reaction spaces and conduits. The cracking-furnace 
tubes — usually called still tubes — are the heart 
of the refinery. As early as 1922, efforts were being 
made to find a tube material of greater service- 





The Circulatory System of an Oil Refinery. A maze of alloy steel pipes and valves in a refinery pump house. All 
the oil processed passes through one or more of these lines and valves at least once. Operators direct the flow of oil as ac- 


curately as telephone switchboard operators control the flow of calls through their exchanges. (Courtesy of Shell Oil Co.) 








An Oil Refinery of About 25 Years Ago. 
Carbon steel was the principal material 
of construction in this old-time refinery. 


ability than carbon steel. High-chromium steel 
(14 to 18% Cr), corresponding to the present 
stainless type 430, was tried, but was costly and 
proved unsatisfactory because, after the steel had 
been held at service temperatures for extended 
periods and then cooled to atmospheric tempera- 
ture, it became too brittle to withstand the impact 
of normal cleaning procedures. This behavior was 
circumvented by substituting 18-8 Cr-Ni_ steel, 
which was first used in 1928 for heater tubes 
handling “sour” oil. 

The next step was to try steels of lower 
chromium content. Largely through the efforts of 
E. S. Dixon, metallurgist of The Texas Co., a 5% 
Cr steel was developed as a good compromise in 
regard to serviceability and cost. By 1930, the 5% 
Cr steel was well past the experimental stage and 
was being adopted for still tubes and piping in 
many refineries. 

Valves and Fittings — At about the same time 
that 5% Cr steel was being developed for tubes, 
the increased operating temperatures necessitated 
a material stronger than carbon steel for cast 
valves and fittings. Nickel-chromium steel similar 
to S.A.E. 3130 was found to be relatively satis- 
factory for stills running the less corrosive crudes. 

In the early 1930’s valve manufacturers were 
beginning to cast valves and fittings made of cor- 
rosion resisting materials, The success of wrought 
5% Cr steel in refinery tubes made it natural to 
try this alloy in castings intended for operation 
in contact with sour crude oil. Various foundry 
problems were overcome and the steel with 5% Cr 
and 1% W was developed for cast fittings. Shortly 
thereafter, the 5% Cr, 0.5% Mo composition was 
developed. After being cast, these 5% Cr steels 
were heat treated by normalizing and tempering. 


5% Cr-W and 5% Cr-Mo 


Simultaneously with these developments jp 
the foundry industries, steel mills began to roy 
and pierce the 5% Cr, 1% W and 5% Cr, 054% 
Mo compositions, and the steels were placed ip 
service in still tubes and piping. The addition of 
tungsten or molybdenum increased the creep 
strength of the 5% Cr steel. 

Both Cr-W and Cr-Mo steels were being used, 
the latter in the larger amount. It was only after 
about five years that the Cr-Mo finally won oy: 
over the Cr-W composition. Fhe real advantage 
of molybdenum as the addition agent was in tubes. 
rather than in castings. Since the tubes were syb. 
jected to impact in cleaning, they might crack jf 
the steel had become temper-brittle as the result 
of service at elevated temperatures. Molybdenum 
eliminated temper brittleness in service and was 
less costly than tungsten. 


Low-Chromium-Molybdenum Tubes 


The 5% Cr steels and some 18-8 Cr-Ni steels 
were used only where sour crude necessitated a 
corrosion resistant steel. Sweet crudes were still 
being refined, but at higher temperatures and 
pressures than previously, and a material was 
needed that was stronger than carbon steel at 
these temperatures, but not necessarily more 
corrosion resistant. To meet this need, a number 
of low-alloy steels were developed by the tube 
manufacturers. All these steels contained from 
0.1 to 0.2% C with about 1 to 3% Cr, and were 
used in the annealed condition. Some had high 
silicon (up to 1.5%). Some had vanadium, tung- 
sten, or molybdenum. At least one steel included 
aluminum as an additional alloying element. 

The period from 1930 to 1942 was one of 
intensive alloy development, creep and rupture 
testing, and accumulation of service records in 
the refineries. Competition was keen among the 
steel and tube makers. The various proprietary 
steels were gradually simplified in composition 
and reduced in number, until today the range is 
covered satisfactorily by the first six grades in 
A.S.T.M. Specification A200. These are Cr-Mo 
steels (0.15% C max.) with the two alloying ele 
ments present in various combinations from 
1.25% Cr, 0.5% Mo to 3% Cr, 1% Mo. 

Intermediate between carbon steel and th 
A200 steels is the C-Mo steel with 0.5% Mo, used 
widely for steam boiler tubes and, to a less@ 
extent, for refinery equipment. Also available for 
better resistance to graphitization are 0.5% @ 
0.5% Mo and 1% Cr, 0.5% Mo steels, used mainly 
for high-temperature steam piping. : 
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7% Cr and 9% Cr Steels 


During the 1930’s the high-sulphur crudes 
were being refined in larger and larger amount, 
with the result that corrosion was an increasingly 
important consideration in the selection of mate- 
rial for use in the refineries. Since the 5% Cr 
steel had found wide and successful application 
in contact with hot sour crude, it was logical to 
increase the chromium content above 5% where 
greater corrosion resistance was needed. The 
frst step in this direction was to 9% Cr. Later, 
for economy, the chromium content was decreased 
to 7%. Both the 7% and 9% Cr compositions 
(with molybdenum) are standard alloys today. 
The 5% Cr-Mo steel is from four to ten times as 
corrosion resistant as carbon steel in refinery 
applications. The 7% Cr steel is about twice as 
resistant and the 9% Cr steel is about four times 
as corrosion resistant as 5% Cr-Mo. If something 
better than 9% Cr-Mo steel is needed, 18-8 Cr-Ni 
(usually type 304) is the most frequent choice. 


Bolts and Other Parts 


Numerous pipes, valves and fittings are joined 
together in the refinery by welding or bolting. 
When something stronger than carbon steel first 
became necessary for bolts, S.A.E. 3130 and 3140 
were used, on the basis of previous experience 


A Modern Oil Refinery. Alloy steels are now 
used for a great many of the metallic parts. 

































in the automotive industry. These and similar 
alloys under A.S.T.M. Specification A 193 still serve 
satisfactorily for the bolts used so extensively in 
refineries. A Cr-Mo steel similar to S.A.E. 4140 
is especially popular. Unlike most refinery steels, 
alloy bolting materials are quenched and tempered. 

Other equipment utilizing alloy steel includes 
hot oil pumps, tube supports, return bends, 
headers, channels, floating head covers and tube 
sheets for heat exchangers. 


Factors in the Selection of Steels 


The selection of steel for oil refineries is a 
problem that provides ample scope for sound 
metallurgical judgment. Each refinery is custom- 
built—- no two are the same —and the require- 
ments for steels will vary correspondingly, 
according to the temperatures and pressures of 
operation and the corrosive character of the 
liquids and gases. With the newer catalytic 
cracking processes, erosion has become a much 
more important factor in the selection of steels. 
In two of the popular processes the catalyst — 
powder or pellets— is circulated from one part 
of the unit to another, and there is considerable 
abrasion of the piping that carries the catalyst. 

Despite the highly specific conditions of any 
given application, it is seldom that the problem 
of selection will be so clear-cut that one particular 
steel will be an obvious best choice. Usually there 
is possibility for compromise between expected 
service life and cost. For instance, one refinery 
may use 5% Cr-Mo steel while another, operating 
under virtually the same conditions, will choose 
7% Cr-Mo on the basis that longer service will 
justify its higher cost over 5% Cr-Mo steel. The 
differences among the steels of lower alloy content 
permit similar flexibility in application. 

The large tonnages of alloy steel used in the 
modern refinery contain less than 0.15% C, because 
increased carbon content has a deleterious effect 
on ductility and does not significantly improve 
creep strength. Further, increased carbon content 
would usurp some of the chromium, thereby 
decreasing corrosion resistance, and would increase 
hardenability, thus making welding more difficult. 

Throughout the industry, at least half the 
alloy steel is of the 5% Cr-Mo or 7% Cr-Mo type. 
Perhaps one tenth is 9% Cr-Mo. The rest is dis- 
tributed among the Cr-Mo steels of lower alloy 
content and stainless 18-8, which is used for the 
more severe conditions. This distribution applies 
both to still tubes and piping and to castings. 

The petroleum industry can salute alloy steel 
as an indispensable material, with a special salute 
to chromium and molybdenum. eS 
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Alloy Steel in the Turret Lathe 


By Donald M. Gurney 
Metallurgist 

Warner & Swasey Co 
Cleveland 


ACHINE TOOLS, on view only in factories 

and never seen by most citizens, are the 
instruments that whittle out a multiplicity of 
familiar metal products. They are primarily 
machines for cutting metal. This might seem a 
simple function. However, the variety of shapes 
into which metal is cut and the need for cutting 
rapidly have stimulated a continuing development 
in the manufacture of machine tools during the 
last forty years. Increase in the variety of shapes 
being cut has brought, on the one hand, a variety 
of special-purpose machines and, on the other, 
an advanced development of so-called “universal” 
machines that ean be tooled to do many different 
jobs. Chief among the universal machines is the 
turret lathe. 

The turret lathe of 1889, shown in Fig. 1, 
was made almost entirely of five metals: 
wrought iron, cast iron, malleable iron, 
machine steel (corresponding to present- 
day S.A.E.1035), and carbon toolsteel 
(about 1% C). Today, more than 100 
different materials — including a number 
of normetallic substances— are used in 
the modern turret lathe illustrated in 
Fig. 2. Most of the moving parts and many 
stationary ones are made of alloy steel. 

If carbon toolsteel had remained the 
sole material for cutting-tools, the turret 
lathe might still be built from the original 
materials. It was because alloy steel came 
into use as a tool material that alloy steel 
became necessary as a material of con- 
struction for the machines which apply 
these tools to the workpiece. 

Although various alloy steels were 
being used for tools prior to 1900 — nota- 
bly Mushet steel containing 2% C, 2.5% 
Mn, 7% W— it was only after the wide- 
spread adoption of high speed steel during 
the decade 1905 to 1915 that the manufac- 
turers of machine tools felt the impact of 


the important metallurgical developments in the 
toolsteel industry. High speed steel made it possi. 
ble to take deeper cuts or to run the machines 
faster without wearing out the tool point. 

In general, the old-time lathe had water. 
hardened carbon toolsteel, “tempered to a light 
straw”, for all strong or wear resistant parts. |i 
might be thought that this high-strength carbon 
toolsteel — the strongest material in the lathe — 
would be the last to be replaced by alloy steel 
Actually it was the first. Toolsteel, in its usual 
service as a tool, is a rigid article that must nol 
deform under load. However, machine parts & 
deflect under shock load. Thus, the carbon tool. 
steel that was being used for machine parts in the 
early turret lathe: was not particularly well suited 
to this service and was replaced by alloy steels 
when the faster speeds and deeper cuts of cutting. 
tools brought greater stresses and the need for 
ductility and impact resistance. High-carbon stee! 
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Fig. 1 — Plain-Head Turret Lathe, Vintage 1889. Only fre 
metals were used in the construction of this machine: wrougt 
iron, cast iron, malleable iron, carbon steel and carbon wolsted 
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has all but disappeared from the turret lathe. 
There are a few exceptions, such as heavy-duty 
back-turning rolls and antifriction bearings and 
bushings, now made from S.A.E.52100. But even 
here, the new material is an alloy steel. 


A Small Beginning 


Perhaps the first use of alloy steel in the 
turret lathe was for setscrews. Machine operators, 
in taking the deeper cuts that were possible with 
the new high speed steel tools, found that the tool 
would become loose in its holder. All the operator 
could do in order to fasten the tool more securely 
was to tighten the setscrews that held the tool bit 
in place. When he did this, and did it vigorously, 
the screws snapped off. 

These old setscrews, made of carbon tool- 
steel, were hardened at each end. The blacksmith 
would heat them up by his “secret process” and 
quench first one end and then the other, leaving 
most of the threaded portion unhardened. 

For the new setscrew, S.A.E.3135 was chosen, 
and it worked so well that it is still being 
used today except where some similar steel such 
as 3140 or 4140 has been substituted. The old 
selective hardening operation, extremely time con- 
suming, could be abandoned when a _ through- 
hardening steel was adopted for the setscrew. 





Fig. 2— Modern Universal Heavy-Duty Turret Lathe. 


This change had a noticeable effect in the heat 
treating department: The time required to heat 
treat many thousands of setscrews was greatly 
reduced, for they could be quenched in batches 
instead of one at a time. 

Lockbolts and Other High-Strength Parts 
Another part of the lathe previously made from 
carbon toolsteel was the lockbolt used to center 
the turret in relation to the headstock. This bolt 
requires high surface hardness, and was heal 
treated in about the same way as a chisel or 
screwdriver. At least, it was supposed to be, but 
sometimes the blacksmith had his own ideas, and 
he was noted for being uncommunicative about 
his art. 

The toolsteel lockbolt was too brittle when 
the turret was heavily loaded, as it was when deep 
cuts were being made with high speed steel tools. 
In the first attempt to get a satisfactory combina- 
tion of strength and ductility for the lockboll, 
carburized S.A.E.1020 was tried, but the pack 
carburizing and quenching methods then in use 
were not reliable enough to give a product free 
from soft spots. An oil-hardening alloy steel was 
required for consistent results. S.A.E.2315 was 
adopted and used for 35 years. Recently, other 
alloy steels with lower nickel content have been 
substituted. 

Collets, also, were once made of carbon tool- 
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More than 100 different materials are 


used in this lathe, including alloy steel for most of the moving parts and many of the stationary ones. 
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steel. S.A.E.4160 is used now so that the part can 
be quenched in oil, with minimum distortion and 
greater strength and ductility. 


Demise of Wrought Iron 


Of the five principal materials in the turret 
lathe of 1889, only wrought iron has become 
completely outmoded. It went out with the black- 
smith who welded it, in about 1910. Some wrought 
iron was replaced with alloy steel; for instance, 
the rack that engages the saddle and carriage. 
The wrought-iron rack teeth could not withstand 
the increased loads, but would be crushed or bent. 
Alloy steel is now used for these racks. 

Machine steel (such as S.A.E.1035), used for 
shafts, bolts, studs and certain gears not heat 
treated, was gradually supplanted by alloy steel 
when the greater speeds and loads required 
greater strength with ductility in these parts. Oil 
quenching was usually necessary for minimum 
distortion and only an alloy steel would harden 
in oil. 

Of all the materials in the turret lathe, only 
malleable iron is used today in the same places 
it was 50 years ago — for handles and levers. The 
lathe bed is still cast iron but it has alloying ele- 
ments in it now. 


Gears 


At the turn of the century, turret lathes had 
cast-iron gears. When the need arose for resisting 
greater stresses, these gears could perhaps have 
been made with thicker sections. But try to 
imagine how large a turret-lathe head would be 
today if the gears were still made of cast iron. 
The circumstances necessitated a change in mate- 
rial rather than a change in design. The greater 
loading on gear teeth, resulting from the use of 
high speed steel tools, caused service failures of 
gears. The manufacturers’ problem was to replace 
a gear in an existing machine, and the only feasi- 
ble thing to do was to make the gear the same 
size, but stronger and more ductile. This meant 
using an oil-hardening alloy steel, since gears 
would crack or distort if quenched in water. 

Today at least two thirds of all the alloy steel 
in a modern turret lathe is in gears. The strength 
and ductility were improved and the transmissions 
were kept compact. Compactness was important 
because it enabled weight to be minimized. It 
was important to keep the weight down because 
the speed was being increased to keep pace with 
the greater serviceability of the new cutters (high 
speed steel and, after about 1915, stellite). Speed 
was of still greater importance when carbide- 


tipped lathe tools came into use in the late 1929; 
These carbide tools obtained their advantage 
through speed, not through depth of cut. 

When carbide tool points were developed, 
alloy steel had already replaced the older mate. 
rials throughout the turret lathe. The designe; 
could no longer send his gear problems to the 
meiallurgist for solution, since the metallurgis 
had several years before given him the best there 
was in a strong and ductile material — alloy steel, 
To his credit, the designer solved the problem of 
more speed by modifying the contour and improv. 
ing the surface of gear teeth. Today turret-lathe 
gears are running (quietly) at pitch-line velocities 
up to 3500 ft. per min. — faster than any automo 
tive gear. 


Summary 


Alloy steel supplanted cast iron and unalloyed 
steel in the turret lathe by a gradual and evolu- 
tionary process, occurring over a period of about 
20 years from about 1910 to 1930. The changes 
occurred when the toolmaker made a better tool, 
so that the lathe operator could run the tool faster 
or deeper, causing the machine tool builder to 
improve his machine so it could do the job. This 
cycle repeated itself several times before the tran- 
sition to alloy steel was essentially complete in 
about 1930. 

All the alloy steel used in the turret lathe is 
oil-quenched and tempered. There are no excep- 
tions. Alloy steels that will harden in oil to the 
required depth are so easily obtainable that 
hardenability has not been a matter of concern 
in the turret-lathe industry. Usually steels are 
selected that have surplus hardenability, so the 
quenching practice need not be controlled with 
precision and production delays will be avoided. 

Because there are numerous alloy steels avail- 
able with adequate hardenability for turret-lathe 
applications, the selection of steels may be based 
on other properties and on convenience. For 
simplification of processing, a relatively small 
number of alloy steels may be used for all the 
various parts requiring an alloy steel. 

The story of alloy steel in the turret lathe 
would also apply — with appropriate qualification 
regarding the details —to other machine tools. 
Milling machines, shapers, planers, grinders, drill 
presses, and a host of special-purpose machine 
tools have been influenced by the same factors 
that changed the lathe. The result also has bee? 
the same — an increased use of alloy steel. 

The entire machine tool industry can give # 
full salute to engineering alloy steel, with a bow 
to the pace-setting alloy toolsteels. 
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By J. T. Rettaliate 

Dean of Engineering 

Illinois Institute of Technology 
Chicago 


ROM the first, copper has been the prime con- 

ductor for electricity. More recently the 
electrical industry has made extensive use of 
aluminum. Because of the generally accepted 
association of these two metals with electrical 
equipment, the layman all too frequently consid- 
ers them to be the principal constituents, whereas 
in reality the generation, transmission, and utili- 
zation of currents would be impossible except for 
the concomitant use of ferrous materials. Iron is 
the universal magnetic material and, due to its 
abundant use along with its many alloys particu- 
larly suitable for electrical applications, our 
industry has enjoyed a rapidity of growth over 
the last half-century not otherwise possible. 
Because of the many beneficial contributions 
made by alloy steels to all endeavors, it is particu- 
larly fitting that the Salute to Alloy Steels should 
include an account of their application in the 





electrical industry. As will be described more 
fully later, in many instances a low-alloy steel is 
used primarily for its superior electrical charac- 
teristics, with mechanical strength of secondary 
importance. On the other hand, where operating 
stresses are higher, such as in high-speed rotating 
elements, materials and treatments are chosen to 
give optimum physical properties. 

Transformers — One of the most interesting 
uses of low-alloy steel is found in modern trans- 
formers. The evolution of this item started over 
100 years ago, when Michael Faraday constructed 
the first elementary transformer by winding two 
coils of wire around an iron ring. It is the 
improvement of this ring, or core, that we will 
now describe. 

Prior to 1900 core material was composed of 
sheets of ordinary iron, whose principal disad- 
vantage was that its electrical characteristics 


October, 1948; Page 477 





For the electrical industry the silicon-iron alloys 
are the low alloys par excellence. Iron, of course, 
is as much the prime magnet as copper is the prime 
conductor. Commercial iron, however, when used 
as cores in electromagnetic devices (and most equip- 


ment for transforming electrical currents into me- 
chanical motions are based on electromagnetism) 
not only takes excessive toll in heat losses but is 


not constant with age. Low-alloy silicon iron, of 
high purity, especially low in oxygen content, now 


forms the heart of modern equipment. 


deteriorated with age. It had been found in 1884 
that low-carbon iron alloys having 1.5 to 5.0% 
silicon had some good characteristics. At about 
the same time, Hopkinson found that the resistiv- 
ity of 3.43% silicon steel was five times as great 
as that of commercial unalloyed iron. At first 
this was considered to be an encouraging discov- 
ery, since it indicated low eddy current losses, but 
the carbon content of his steel was so high 
(0.89%) that excessive hysteresis loss resulted. 

Described in electrical units, the best steels 
in 1895 had an iron loss of about 1.7 watts per lb. 
for sheets 0.014 in. thick, with a maximum flux 
density, B,,,,, of 10 kilogausses at a frequency of 
60 cycles per sec. However, when this material 
aged at 125°F. and higher under operating con- 
ditions, the hysteresis loss would creep up to three 
times its initial value, resulting in a double total 
iron loss. In the next 10 years several studies 
were published and patents taken out on various 
iron-silicon-carbon alloys, and by 1906, a ton of 
3.25% low-carbon silicon-iron, the first large 
commercial heat, was produced in England. This 
material had a total loss of approximately 1.0 
watt per lb. at B,,,, of 10 kilogausses and a fre- 
quency of 60 cycles per sec. 

During the next 30 years, up to about 1935, 
continued research discovered improved tech- 
niques for taking care of the inherent brittleness 
of the high-silicon materials, and a composition 
was developed with silicon up to 4.5% and with 
reduced carbon. The quality was gradually 
improved until a standard commercial product 
for transformers exhibited an iron loss as low as 
0.46 watts per lb. with B,,,, of 10 kilogausses and 
60 cycle frequency — certainly a large reduction 


from the figure of 1.7 watts for the irons 
of 1895. 

Up to this time the characteristics 
of the transformer core material had 
been improved, metallurgically, primar. 
ily through modifications of the chem. 
ical composition. Single crystals of the 
alloy had been studied and found to 
have different properties depending 
upon the orientation of the crystal in 
the electrical field. The problem was 
to make steel sheet, commercially, by 
the ton, in which the tiny crystals — 
ordinarily located in a perfectly random 
manner—could be lined up, regi- 
mented, in fact. 

With this principle as a basis, Goss. 
in 1933, obtained a patent on grain 
oriented cold rolled steel. He took a 
low-carbon iron, with 3.0 to 3.5% silicon 
(somewhat lower than the favored alloys 
of the time) and, by cold rolling with proper 
annealing and with magnetization in the direction 
of rolling, made sheet with a total iron loss as low 
as the best of the 4.5% silicon-irons without grain 
orientation. Furthermore, the maximum per- 
meability was 2 to 5 times as great. Ductility was 
also increased, due to the lower silicon content. 

Continued refinements in manufacturing con- 
trol during the last 15 years have improved the 
quality and directionality of these grain oriented 
steels, so that commercial material, with 3.0 to 
3.5% silicon, is now available (by selection) 
possessing a core loss in the direction of rolling 
of only 0.30 watts per lb. at B,,,, of 10 kilogausses 
and 60 cycle frequency. With such core material, 
a transformer of a given rating has much smaller 
physical size than when ordinary core iron is used, 
or, on the other hand, this factor has enabled con- 
structors to ship transformers of larger ratings 
than otherwise possible — since the size is limited 
by railroad clearances. 

Typical chemical compositions of high-silicon 
and grain oriented transformer core steels are: 


HIGH GRAIN 
SILICON STEEL ORIENTED STEEL 
0.02 to 0.1% 0.005 to 0.015% 

3.8 to 4.6 3.0 to3.5 

0.05 to 0.2 


Carbon 
Silicon 
Manganese 0.2 
Phosphorus 0.01 (max.) 0.01 (max.) 
Sulphur 0.01 (max.) 0.03 (max.) 


Due to the higher flux densities attainable 
with oriented material, there is the possibility that 
such transformers will hum at a louder tone 
because of magnetostriction, and this may restrict 
their installation in residential areas. Notwith- 
standing this and some of the other safeguards 
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which must be recognized, silicon steel of either 
random or preferred orientation is now univer- 
sally employed for transformer cores, and is the 
most important application of low-alloy steel for 
transformer construction. Of additional impor- 
tance is the nonaging feature of the silicon steels; 
the core loss does not increase with time in serv- 
ice. Grain oriented steel permits larger and more 
efficient transformers capable of maintaining 
higher average loadings, with a concomitant 
decrease in capital investment of great benefit to 
the electrical industry and the consumer. 

The coil and core assembly of a power trans- 
former is encased in a steel tank containing oil 
for insulating and cooling. In order to increase 





Fig. 2 — Rotor Forging for 80,000-Kw. Generator Being Machined on 
6x6x40-Ft. Planer. Slots for coils and vents are cut in solid forg- 
ings, strong enough for torsional and centrifugal forces at 1800 rota- 
tions per min. (Fig. 1, 2 and 3 courtesy Allis-Chalmers Mfg. Co.) 


corrosion resistance, the tanks are made of copper- 
bearing alloy steel. This is particularly desirable 
where the wall thickness is small, as on distribu- 
tion transformer tanks and radiators used to cool 
power transformers. 

The development of the modern transformer, 
over an extended evolutionary period, is a tribute 
to the accomplishments of engineers in the elec- 
trical industry. Strong mechanically and sound 
electrically, today’s transformer possesses the 
highest order of reliability and efficiency. The 
use of low-alloy steels in its construction has been 
a major contributing factor to the success which 
it has attained. 
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Generators and Motors 


Important applications of low-alloy steels will 
also be found in generators and motors, especially 
as forgings for large turbogenerator rotor shafts, 
or cores. 

The typical rotor core materials would be 
nickel-vanadium or nickel-molybdenum steels. 
Analyses would be 2.75% Ni and 0.07% V, or 
2.5% Ni and 0.40% Mo. Large masses of steel 
are forged and heat treated according to detailed 
specifications so as to yield the superior physical 
properties required for these high-speed rotors. 

Smaller shafts for turbo-exciters and high- 
speed induction motors are 
manufactured from alloy 
steels, too. One material 
which has been frequently 
used for this purpose is 
S.A.E.6135, a medium-car- 
bon, chromium - vanadium 
steel of approximately 1% 
chromium and 0.18% vana- 
dium, forged and heat 
treated for high strength. 

After the coils are 
embedded in the rotor slots 
(see Fig. 2), metallic reten- 
tion wedges prevent radial 
movement of the coils from 
centrifugal force. At the two 
ends, where the coils project 
from the slots, a support 
ring is fitted over the exposed 
ends. Where the support 
ring is magnetic, S.A.E.6135 
is frequently used. Hoop 
stresses of appreciable mag- 
nitude can be produced in 
the ring, so the steel is forged 
and heat treated to obtain 
optimum properties. 

As in transformer construction, silicon alloy 
steels are also indispensable for stator armature 
laminations in large alternating-current genera- 
tors. The low iron losses result in smaller and 
more efficient machines; lower losses reduce the 
heat generation and permit higher flux densities. 
Material of approximately 3.5% silicon is used, 
having a resistivity of 54 microhm-cm, Grain 
oriented silicon steels are not useful here, since 
flux in generator armature laminations must be 
carried in two directions. The relatively high- 
silicon alloy has deficient ductility, and its 
mechanical properties would not permit its use 
in rotating elements; instead, it is confined to the 





type of stator application pictured in Fig. 3, where 
the stresses are not large. 

In brief, it may be stated that increased 
silicon yields proportionately better electrical 
properties at the sacrifice of mechanical strength. 
Fortunately, there is a sufficiently wide selection 
of alloys to choose from, so that for a particular 
application, adequate designs are assured without 
undue restrictions. For example, fractional horse- 
power motors and induction motors frequently 
employ an iron with approximately 2.5% silicon. 
having a resistivity of 43 microhm-cm. It is 


surges of current by a short-circuit or of other 
undesirable phenomena such as phase reversaj 
undervoltage, and reverse currents. In the house. 
hold protection against short-circuit is given by 
the common fuse, but in large power plants, where 
much greater energies are involved, much more 
elaborate circuit breakers are employed. 

When large current flows are suddenly inter. 
rupted by a circuit breaker, an arc occurs between 
the contacts which must be quenched rapidly to 
prevent damage. Two methods of quenching are 
now being employed in modern switchgear. One 


Fig. 3 — Laminations Being Stacked in Stator of Low Speed 
35,000-Kw. Generator, Driven by Low Head Hydraulic Turbine 


essentially the upper limit of silicon content hav- 
ing mechanical properties of a reliable nature; 
it still retains sufficient ductility to justify its 
use in rotating elements. 


Switchgear and Control Devices 


All electric generating stations have switching 
and protective devices which are necessary for 
general operation. Both types of devices come 
under the general classification of “switchgear”’. 
The first mentioned are used in the routine con- 
necting and disconnecting of circuits; the latter 
function as safeguards in the event of excessive 


directs a blast of air against the arc; the other 
method is to have the contacts immersed in oil 
The air-blast type, which is increasing in popu- 
larity, is used for circuits up to 15,000 volts; the 
oil type, up to 230,000 volts. 

Low-alloy steels are quite advantageous in the 
manufacture of certain components of such switch- 
gear. Highly stressed shafts and pins and those 
subjected to impact are made from nickel 
chromium S.A.E.3140, which is also used for 
spring washers and gears, primarily because of its 
ready response to heat treatment. For mechanism 
latches and other parts requiring strength and 
wear resistance, molybdenum steel, S.A.E.4140. 
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and chromium-vanadium steel 6150 are used. 

A multitude of control devices are designed 
to regulate the various kinds of equipment (such 
as motors, generators, exciters, rectifiers, convert- 
ers) and quantities (such as current and voltage). 
Electrical signaling devices are another class in 
this same category. A fundamental feature asso- 
ciated with most of them is that the principle of 
electromagnetism is involved. Consequently, the 
low-alloy silicon steels and irons are found in such 
devices because of their good magnetic properties, 
just as they were used for similar reasons in 
alternators and transformers. 

Modern practice is tending toward the 
increased application of low-alloy nitrided steels 
for shafts, bearing pins, and other wear resistant 
parts of control devices. Nitralloy provides a hard, 
corrosion-resistant surface of excellent quality. 


Conclusions 


There are various other diversified applica- 
tions of low-alloy steels in the electrical industry. 
Such material has been used in the construction 
of high transmission towers, where the advan- 
tages of reduced weight and increased strength 
are readily apparent. In this purely structural 
application, low-alloy steel was adopted entirely 
for reasons of superior mechanical properties and 
corrosion resistance. 

A novel and compact gear-motor design con- 
sists of the motor frame and the gear assembly 
arranged as an integral unit. Gear-motors of this 
type have many advantages; simplicity of 
construction reduces maintenance and space 
requirements. In motors of this kind the 
chromium-vanadium S.A.E.6145 has been used 
for such vital parts as shafts, pinions, and gears. 
Some small motors have also been made with 
welded low-alloy steel housings. 

No attempt has been made to make this paper 
an exhaustive treatise. In the brief presentation, 
however, the many benefits resulting from the 
application of low-alloy steels have been indicated. 
Because of the predominantly electrical nature of 
the equipment involved, materials are selected, in 
most instances, principally because of their 
improved electrical rather than their mechanical 
characteristics. For this reason, silicon is one of 
the most important alloying elements where elec- 
trical applications are concerned. This accounts 
for the wide adoption of silicon alloy steels and 
irons, of both the normal and the grain oriented 
types, for the core material of electrical equipment. 

For each 1% increase in silicon content, 
the resistivity of iron is increased about 11 
microhm-cm., with a concomitant reduction in 
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eddy current loss, an improved permeability. 
a decreased hysteresis loss, a reduced intrinsic 
saturation. All this in addition to stability - 
elimination of aging. 

Low-alloy steels are also used in electrical 
equipment, both large and small, because of their 
superior mechanical characteristics. Such appli- 
cations would be found in the rotors of high-speed 
motors and generators, gears, motor frames, and 
towers for transmission lines. (There are also 
many applications of higher alloy steels, such as 
stainless, and special magnetic alloys and others 
useful for high electron emission, but no attempt 
has been made to include them herein.) 

In summary, it can be stated that both the 
electrical industry and the consumer have reaped 
many benefits because of the advantages associated 
with the use of low-alloy steels. The improved 
electrical and mechanical properties of such mate- 
rials enabled us to construct larger and more 
efficient equipment with reduced investment and 
operating costs. 

Over the last decade electric power rates have 
remained conspicuously constant when compared 
with the inflationary prices of practically every 
other commodity. This noteworthy accomplish- 
ment is a fitting tribute to the outstanding per- 
formance of the electrical industry. Alloy steels, 
with the many advantages accruing from their 
use, have contributed substantially to this remark- 
able achievement. e 


Fig. 4— Motor Shafting Stock, 
Lynn Works, General Electric Co. 
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|? was Andrew Carnegie who unconsciously con- 
yinced Charles Ruffin Hook he should go into 
the steel industry. That was 50 .years ago. 

Eighteen-year-old Charlie Hook had had a 
hard struggle to get his high school education. 
His father, until a few years previously a success- 
ful carriage maker in Cincinnati, had seen his 
business completely wiped out in the panic of ’93. 
Young Charlie wanted to enter a basic industry 
with a growing future— one that wouldn’t be 
completely wrecked by depression, as his father’s 
carriage business had been. 

Then someone loaned him a book entitled 
“Empire of Business”, by Carnegie, who was a 
master with words as well as with steel. Carnegie 
painted the future of the industry so capably and 
convincingly that the puzzled young man~ was 
completely sold on steel. Mr. Hook has a copy 
of that cherished book in his library today. 

Getting a job in "98 wasn’t the easy task it is 
today. “C.R.” haunted the steel companies then 
operating in the vicinity of Cincinnati. W. T. 
Simpson, president of the Cincinnati Rolling Mill 
and Tin Plate Co., liked the earnestness and 
sincerity of the wiry youngster and gave him a job 
at $2 a week as an office boy. He was undoubtedly 
the most energetic office boy Simpson ever 
employed. He got to be the storekeeper, and then 
a calamity occurred. The company was sold to a 
large corporation making tin plate. The mill was 
dismantled. One of the assets the new owners 
retained was the former office boy. They sent him 
to Chicago to work in their accounting department, 
and then to New York. 

Realizing that if he hoped to climb to the top 
of the ladder he must have a practical knowledge 
of the production of steel, C.R. asked to be trans- 
ferred to one of the company’s plants. 

He reported one day at a tin-plate plant at 
Gas City, Ind., to work as a member of the bar 
gang at 12¢ an hour. Here again his earnest 
sincerity won a staunch friend in the person of 
W. P. Lewis, the kindly, bearded Englishman 
who was plant superintendent. Again his deter- 
mined search for knowledge of steel production 
attracted helpful allies among his fellow workers. 

In that day turning the rolls was a secret, 
guarded art, performed largely by a handful of 
highly skilled Welshmen. They did not invite 
apprentices, preferring to control the trade them- 
selves. That didn’t prove much of an obstacle to 
C.R. Soon the Welshmen were teaching him how 
to turn the rolls in the housings. 
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He got along well at Gas City. First he was 
made a foreman; then assistant to superintendent 
Lewis. One day in 1902 there came to him a letter. 
It was a longhand invitation’ to come to Middle- 
town to discuss a position as night superintendent 
of sheet mills, and it was signed by George M. 
Verity, president of The American Rolling Mill Co. 
Superintendent Lewis at Gas City had recommended 
him for the job. 

Mr. Hook visited Middletown with no inten- 
tion of accepting the position. His friends were 
shocked when he told them he had decided to move 
to Middletown. He has frequently told us of that 
first visit: 

“Mr. Verity took me out to the openhearth 
(there was only one 25-ton furnace). We sat on 
a bench by the furnace, and he outlined to me his 
philosophy of human relations and his great 
ambitions for the company. I knew right then 
that his was the company in which I wanted to 
spend my days.” 

His early days at Armco are never to be 
forgotten. The straitened finances of the company 
were a perpetual nightmare. The plant lacked 
an adequate system of records and organization. 
Always a stickler for detail and an eager searcher 
for facts, C.R. secured approval to add a records 
clerk despite the money famine. From then on he 
knew where the materials were going and how 
much production he was getting from them. 

Adversity can be a virtue. It was the sheriff's 
knocking on Armco’s door that brought a realiza- 
tion that something drastic had to be done to 
save the company. This led to launching a policy 
of producing special-purpose steels to avoid costly 
competition in products already being manufac- 
tured by well-financed competitors. 

Without adequate financing and without a 
research laboratory, the little company tackled 
new adventures one by one. 

First came electrical steel in 1903. It brought 
countless headaches to the operating department. 
Its brittleness and general peskiness confounded 
the sheet mill men until its proper temperature 
range was discovered. The years 1906 to 1908 were 
spent in the development of Armco Ingot Iron, 
which proved every bit as difficult as its pred- 
ecessor. Then followed special enameling iron, 
automobile sheets and a parade of others down 
through the years, all involving special manufac- 
turing problems. 

Mr. Hook’s penchant for getting the facts 
instead of guessing proved invaluable. Meantime 
he was growing. He became sheet mill superin- 
tendent; and then general superintendent. He 
determined that at the first opportunity finances 
permitted, Armco would have a full-fledged 








research laboratory. That opportunity did not 


come until 1910. 

In 1904 a young fellow named John Tytus 
had joined the company as an extra man on the 
sheet mills. Mr. Hook soon recognized that Tytus 
was a man of unusual brilliance and made him 
his assistant. 

Even then Tytus was dreaming of rolling 
sheets continuously. As early as 1908 the pair 
spent many a night in that grimy little sheet mill 
office of Armco’s original plant, exploring and 
discarding new ideas on continuous rolling. 

John Tytus was an unusual combination of 
dreamer and natural engineer. Charles R. Hook 
contributed the calm judgment and encourage- 
ment that Tytus needed. He also contributed the 
salesmanship necessary from time to time to con- 
vince Armco’s Board of Directors that extensive 
research appropriations in so fantastic an idea 
were a sound investment. When, in 1924, the 
first continuous process of rolling iron and steel 
sheets began operation in Armco’s Ashland, Ky., 
plant, they realized what a splendid investment 
they had made. 

When C.R. was working on the bar gang at 
Gas City, he often wondered what was going on in 
the front offices. He felt that if the men knew 
more about the problems of management, and 
vice versa, there would be far less grumbling and 
dissatisfaction. 

Soon after he came to Armco he had the 
opportunity to do something about that problem. 
In 1904 he asked the sheet mill department to 
select representatives to meet with him regularly. 

On Saturday nights the little group met to 
discuss mutual problems; the men got manage- 
ment’s viewpoint, and management learned the 
organization’s problems. The idea of employee 
representation proved so palatable that it soon 
spread to other departments, and later to other 
plants as new units were merged into Armco. It 
proved a major contribution to Armco’s manage- 
ment philosophy. 

As Mr. Hook rose through the production 
ranks to general superintendent in 1910, to vice 
president and general manager in 1920, he 
meticulously applied the simple, confidence- 
building verities he had learned years before. 

In 1930, on the verge of the depression, he 
was elected president of the company. Mr. Hook 
insisted that research appropriations must not be 
cut so deeply as to impede the effectiveness of that 
function. “Research is our insurance policy on 
future progress”, he often reminded his critics. 

To many of us, the words of the citation which 
accompanied the A.S.M. Medal for the Advance- 
ment of Research were particularly significant and 


truly descriptive. It said: “Mr. Hook’s greates; 
interest has always been in the field of human 
relations. . . . Without himself using test-tube or 
microscope, Mr. Hook has created an environment 
in which scientific research has flourished.” |p 
the laboratory and in the mills he has provided 
the leadership which encourages pioneering and 
development. 

The word “duty” means a lot to Charles R. 
Hook. He is a typical product of the free-enterprise 
system, and he believes he has a responsibility to 
American youngsters of today to help preserve 
that system. To this end he has given years of 
his time attending meetings and conferences, 
appearing before legislative committees, speaking 
to audiences and on radio hook-ups. Just recently 
he accepted a difficult assignment by Secretary of 
Defense Forrestal to serve as chairman of a civil- 
ian commission to study and revise the pay scales 
of all the armed forces. 

It is that same sense of duty that impels him 
to take an active part in community affairs. Many 
a night you can find him attending the board 
meeting of the Middletown Civic Association, the 
Boy Scouts, the Veterans Service Center, or some 
similar civic group, discussing a local problem 
with his characteristic thoroughness and patience, 
despite a multiplicity of other demands on his 
time. In his home town he isn’t a capitalist living 
in a big house on the hill. He’s easily Middletown's 
No. 1 citizen in popularity. In fact, the entire 
community on September 26 celebrated “Charles 
R. Hook Day”, marking his 50th anniversary in 
the steel business. 

Four universities have _ recognized the 
accomplishments of Mr. Hook. The Michigan 
School of Mining and Technology made him a 
Doctor of Engineering in 1935. Ohio State Uni- 
versity honored him with the degree of Doctor of 
Laws in 1939. In the same year, Oglethorpe 
University conferred upon him the degree of 
Doctor of Commercial Science. Stevens Institute 
of Technology presented a Doctorate of Engineer- 
ing in 1944. He also is a member of the Corporation 
of Massachusetts Institute of Technology. 

Now 68, Charles R. Hook looks and acts al 
least 20 years younger. He still shoots a good 
game of golf regularly. He still arrives at the 
office early and leaves late. Night conferences and 
meetings, which are a regular diet, do not alter 
this schedule. He will begin his second 50 years 
in the steel industry mature in experience bul 
young in spirit. And until the day when he closes 
his desk for the last time, he will patiently and 
persistently continue to practice his hobby and 
vocation — the creation of cooperation through 


understanding. Hucu W. WRIGHT 
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By Clyde Williams 
Director 

Battelle Memorial Institute 
Columbus, Ohio 


Clyde Williams is unusually well qualified to de- 
scribe the influence of engineering alloy steels on 


all the machinery of war, since he was chairman 
of the original War Metallurgy Committee (ad- 
visory to War Production Board during the early 
months of World War II) and since 1942 chief of 
the famous Division 18 of National Defense Re- 
search Council. As such he was directing head of 
wartime projects in nine major fields, including 
aircraft materials, armor, guns, ship steels, and 
metals for high-temperature service. A summary 
of this metallurgical work can be read in one of 
the series of books from the Atlantic Monthly Press 


about “‘Science in World War II’’. 


ae. hundred and thirty-five years ago a rela- 

tively obscure Italian historian and statesman, 
Niccolo Machiavelli, published his Principe, in 
which he laid down the basic principles of modern 
politics, using as his thesis the then startling 
assumption that the primary object of politics is 
power, and that war or the threat of war is the 
mechanism by which a state attains power and 
then holds or expands it. Past history and today’s 
headlines show that Machiavelli’s thesis is still 
correct, and at the present time those charged 
with the defense of even the most peace-loving 
nation must plan constantly on being able to 
resist the aggression of a power-hungry state to the 
limit of their capacity to use their country’s men 
and industry. 
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Alloy Steel in War 


—Then and Now 


In the French Revolution, citizen 
armies replaced the professional, and 
the concept developed that the entire 
nation should prosecute a war, once 
entered upon. Events since the turn of 
the twentieth century demonstrate cer- 
tainly that the most effective use of a 
nation’s industry in preparing for or 
carrying on mechanized warfare depends 
to a large extent upon the ability of its 
engineers and scientists to exploit its 
nattiral and industrial resources. In this 
the art and science of metallurgy, and 
especially the metallurgy of alloy steels, 
has been a vital factor. 

Metallurgy, at least insofar as it 
deals with the art of producing offensive 
and defensive weapons, has played an 
important role in war ever since man 
discarded his wooden club and his stone 
arrowhead for a weapon made of bronze, 
but until recently — actually, until the 
era of alloy steels began some 50 or 60 
years ago —the art of metallurgy, and 
the wide use of war equipment made 
of steel, was subordinate to the old 
art of strategy and the youier art of logistics. 
During the last 75 years, however, and coinci- 
dental with the amazingly rapid development of a 
science of metallurgy, war has become more and 
more dependent on metals, and especially on alloy 
steels, which are so essential in mechanized 
equipment. 

Material costs of war have simultaneously 
risen to unprecedented heights. An eminent his- 
torian, H. N. Holmes, has calculated that during 
the time of Caesar the average cost of killing one 
soldier was 25¢; for 1900 years thereafter it never 
was more than $1.00 but now it exceeds $3000! 

War Matériel Since 1850 — Seventy-five years 
ago, the Civil War was over and reconstruction 
was under way. During that war, ordnance was 
















made almost entirely from cast iron, wrought iron, 
and bronze. By 1875, steel was becoming available 
in reasonable quantity, but because the manufac- 
turers of that day could not produce sound steel 
castings, it was looked upon with suspicion and it 
certainly was not immediately considered for 
weapons upon whose effectiveness and reliability 
victory or defeat might well depend. 

The evolution of steel offensive weapons in 
the 30 years that followed the Civil War was slow. 
However, improvement had to come, since explo- 
sives were being steadily made more efficient and 
bursting pressures were rising rapidly. The first 
radical change was the development of the gun 
tube wound so tightly with hard-drawn steel wire 
that compressive stresses were set up at the sur- 
face of the tube. This gave the cannon the neces- 
sary high bursting strength without excessive 
weight. Such guns were sufficiently mobile, but 
tubes of correct length lacked rigidity, and the sag 
due to their own weight or service overstress 
caused considerable whip in the muzzle when a 
round was fired. Accuracy was therefore none 
too good despite efforts at ballistic corrections. 
The next development was quenching and tem- 
pering the gun tube, but even this did not produce 
an entirely satisfactory weapon with the steels 
then available. During this period, alloy steels 
were unknown, but after the last years of the 
nineteenth century, and especially after they had 
been used successfully in naval armor plate, they 
were also adopted for large offensive weapons. 

The advent of defensive armor, for which 
alloy steel was to play its most important early 


A Mountain of Dead Shell Casings 
Makes Good Scrap for Openhearth Steel 
and the Metal Reappears as Crank- 
shafts for Farmall Tractors at Interna- 
tional Harvester’s Melrose Park Works. 


role, came with the historic battle of the Monitor 
and Merrimac in Hampton Roads on March 9, 
1862. The plans for the Monitor, exceedingly 
revolutionary at the time, had been drawn up in 
detail by Capt. John Ericsson, but he failed to 
convince government engineers of the practica- 
bility of his ideas for an armored warship. John 
F. Winslow and John A. Griswold, two iron- 
masters who knew nothing of shipbuilding but 
had great faith in Ericsson, obtained the assistance 
of President Lincoln and a congressional commit- 
tee, and secured a contract to build the ship. The 
contract, which was almost impossible to fulfill, 
called for completion in 100 days at a cost of 
$275,000, and the builders were to assume all risks 
of loss should the enterprise prove a failure. Sub- 
contracts for various parts were let, the parts 
were brought to Green Point, L. I., assembled, and 
the ship was launched in 101 days! 

The principal feature was a revolving turret 
made of 1-in. wrought iron plates. Launched 
on January 30, 1862, the Monitor was in action 
against a Confederate iron-clad on March 9 and 
saved the day for the Union fleet. This is an 
outstanding example to show that courage, genius 
and engineering skill were then available; present- 
day materials were not, but fortunately the shells 
were no better than the armor, and the Monitor 
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gave un excellent account of herself, revolutioniz- 
ing naval warfare at the same time. 

Following the Civil War, and after steel of 
good quality had become available (about 1875), 
much effort was spent in attempting to develop a 
really satisfactory armor plate for warships, but 
it was difficult to strike a happy medium between 
enough hardness to prevent penetration of the 
shell and enough toughness to resist shattering 





at its impact. After long experimentation with 
compound armor, which consisted of laminated 
steel and wrought iron plates, Harvey hit upon the 
idea of using the old cementation process to pro- 
duce a hard carburized outer surface on the rela- 
tively soft ductile backing —a major advance. 


The Revolution—Mechanized Warfare 


The most important development in_ the 
improvement of armor plate, which was rapidly 
extended to other war materials, came immedi- 
ately after Riley presented his famous paper on 
the alloys of iron and nickel to the British Iron 
and Steel Institute in 1889, in which he demon- 
strated the superior properties of nickel steel as 
compared with the carbon steel then available. 
Within five years, nickel steel was being forged 
into armor plate in England, France, Germany, 
and the United States. Soon thereafter chromium 
was added (by Krupp), and by the turn of the 
century alloy steel armor plate, carburized and 
heat treated, was standard, and the contest 
between the armor-piercing projectile and armor 
plate (both of alloy steel) was on. 
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Armor-piercing shells, differentially heat 
treated and containing nickel and chromium, were 
rapidly developed, but equally important was the 
concurrent improvement in other offensive weap- 
ons. By the use of alloy steel, which can be 
hardened readily in heavy sections, it became pos- 
sible to produce one-piece gun tubes of ample 
strength without increasing — and in some cases 
actually decreasing — the weight. This was also 
accompanied by greater ease of 
fabrication. Another important 
development was the introduc- 
tion of the recoil mechanism 
required by the larger calibers 
and higher projectile velocities. 
The serious metallurgical prob- 
lems connected with the design 
of the recoil mechanism were 
largely solved by the proper use 
of alloy steels. 

By the time of World War I, 
alloy steels were firmly estab- 
lished as essential war matériel. 
They were widely used between 
the two world wars in the design 
and construction of improved 
ordnance and armor, primarily 
because of their distinctive prop- 
erties, which in general are based 
on an optimum combination of 
strength and ductility accom- 
panied by economy in first cost 
and ease in fabrication. Owing to this combina- 
tion of virtues, alloy steels also rapidly came into 
use in the development of more efficient equipment 
that is vital to the logistics of war — that is, sur- 
face ships, automotive vehicles, and aircraft —a 
matter of great importance, since mobility is rec- 
ognized as one of the essentials for success in 
modern warfare. 

Because of the long cruising ranges required 
for the United States Navy to protect our distant 
interests, and because of the need for increased 
combat speeds, the trend of shipboard steam 
power plants has necessarily been toward the use 
of increased steam pressures and temperatures. 
Higher pressures and temperatures bring collat- 
eral advantages in greater fuel economy and 
reduced over-all sizes and weights of the power 
plant for the required output. The modern fight- 
ing ship must carry an increasing array of arma- 
ment, ordnance, and specialized equipment, 80 
that less and less space and tonnage are available 
for the power plant. Unalloyed steel has long 
been inadequate to meet the demands for steam 
piping, valves, bolts, and fittings to operate in 
power plants using superheated steam. Alloy steel 









provides the necessary strength in large sections, 
as for rotors of steam turbines; in high-tempera- 
ture applications, the alloy steels with chromium, 
molybdenum, and vanadium additions, when suit- 
ably heat treated, maintain useful strength at 
temperatures considerably in excess of the possi- 
bilities of plain carbon steels. 

No less important is the 
role of alloy steel in the con- 
struction of the modern tank 
and other essential vehicles. 

Although tanks were intro- 

duced toward the end of 

World War I, armor plate 

was not considered seriously 

for anything else than war- 

ships and fixed gun emplace- 

ments until World War II. 

Then it was used for numer- 

ous mobile land units such 

as tanks, armored trucks, 

and gun carriers. In_ the 

struggle to obtain the great- 

est protection with the least 

weight, the toughness of 

alloy steel played a notable 

part. For the best ballistic 

properties, it was found that 

complete hardening of sections, at the center as 
well as at the surface, was necessary. Except for 
any but the lightest armor plate, nothing but alloy 
steel would fulfill this requirement. High mobility 
resulted from a combination of lightness and high 
strength in units having extremely efficient 
engines, Although this applies to tanks, armored 
cars, self-propelled field guns, landing craft, PT 
boats, and fighter and bombing planes, one must 
not forget the jeep and 2-ton trucks or the cargo 
planes. 

Although innumerable engineering achieve- 
ments contributed to the modern airplane, it 
could develop no faster than its power plant. The 
Wright brothers had to get along with an engine 
that developed 1 hp. for 15 lb. of engine weight, 
whereas a modern reciprocating gas engine 
develops better than 1 hp. for 1 lb. of weight. 
Alloy steels made possible the paper-thin, yet 
exceedingly strong, cylinder liners, the valves, 
crankshafts, gears, propeller hubs and blades. 
The bulk of the airframe is of light metal, but 
strong armor of alloy steel protects the pilot in 
flight, and alloy steel assemblies in his landing 
gear absorb the shock of his safe landing at high 
speed on the home field. 

It is well known that acute problems of sup- 
ply had to be met in 1940 to 1945. The industries 
supplying the armed forces needed more than 12 


million tons of alloy steel annually, or one out of 
every seven tons of all steel produced. Despite 
the fact that this country and its good neighbor, 
Canada, are rich in the resources that provide 
important alloying metals (nickel, molybdenum, 
and silicon), it was foreseen very early that these 
resources, even when aug- 
mented by metals from lean, 
high-cost domestic ores, 
would not be sufficient. Fur- 
thermore, the Western hem- 
isphere lacks sizable deposits 
of a number of the ores of 
extremely critical alloying 
metals, notably manganese 
and chromium, and it was 
necessary to provide these 
from stockpiles or from 
imports of ore over shipping 
lanes that should be kept 
open but might possibly be 
closed. One of our major 
problems, therefore, was to 
insure that the available sup- 
ply of strategic alloying 
metals would be used as 
effectively as possible. 
Fortunately, American 
metallurgists were ready with the answer. The 
story of how they readily solved this problem is a 
brilliant and well-known chapter in the recent 
history of metallurgy; hence, only a brief sum- 
mary is necessary here. 


The New Metallurgy 


During the 1930’s, several metallurgical! 
events occurred that had far-reaching conse- 
quences during World War II. These included 
the concept of hardenability —the response of a 
steel to quenching under various conditions — 
and a test to measure this property. It became 
clear for the first time that the addition of small 
percentages of several alloying elements was more 
effective than the addition of a large amount of 
one, or possibly two, in producing the desired 
response to heat treatment, and in securing the 
required optimum properties for a particular 
application. It showed further that alloying ele- 
ments could frequently be substituted for each 
other when their relative effect on hardenability 
was considered. Fortunately, most of this knowl- 
edge was available before the war began, and i! 
was put into immediate use. 

The potential supply of alloying metals at 
the beginning and during the war was simply n0 

(Continued on p. 490) 
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Report on Atomic Power 


A Report* by the General Advisory Committee to the Atomic Energy Commission 


HIS paper discusses considerations that will 

determine the answers to the questions: 

When shall we have heat and power from 
atomic energy ? 

On what seale will this be available? 

Ilow much will it cost? 

The first instances of the generation and uses 
of heat or power are likely to be on a small scale 
and be uneconomical. Further development may 
increase the scale without substantially improving 
the economy, and many steps surely lie between the 
present and the ultimate future in which atomic 
power is possible, economical, practical, and abun- 
dant. At present, there already exist nuclear 
reactors which produce atomic power as a byproduct 
but not in a usable form. However, all of them 
supply valuable information for the development 
of power reactors. 

There are numerous scientific and technical 
problems that must be solved before atomic power 
can become a practical reality. Some are connected 
with generating energy at high temperatures — for 
no other sound method has yet been proposed. This 
problem is essentially one of finding suitable mate- 
rials for use in a nuclear reactor, suitable forms for 
the fuel, for structural elements, for coolants, and 
for moderators. 

To the obvious requirements, further desirable 
criteria must be added: It is undesirable to use 
materials or reactor designs which give a very short 
life without recharging. It is undesirable to build 
reactors in which the power per unit of fuel invested 
is very low. It is desirable that the reactor design 
have as little net consumption of fuel per unit of 
power as possible. All of these considerations bear 
on increasing the possible scale and decreasing the 
probable cost of atomic power. However, it is likely 
that in early reactors these criteria will not be ade- 
quately satisfied. 

Two reactors are now authorized for construc 
tion which should be completed within the next two 
or three years. Neither unit can rate as an economic 
producer of power. But, as a result of experience 
gained in these, and their successors, there will start 
a program of reaching higher temperatures and at 
the same time satisfying some of the criteria neces- 
sary for practicality and economy. 

The widespread use of atomic power will also 
depend on the availability of nuclear fuels. There 
are three possible nuclear fuels — U2, U23* and 
Pu**, [U3 exists in nature as 0.7% of uranium 
metal, and is the natural source of all nuclear fuels, 
since U?5* and Pu**® are formed from Th and 
US, respectively, by absorbing neutrons orig 
inating in the fission of U?*5.] If uranium ores 
should be found to be very plentiful, even if low 
grade, it would probably be best to use natural or 
slightly enriched uranium as a fuel directly. The 
fuel might then be discarded without chemical treat- 





ment after, say, 1% had been utilized, which would 
give about 100,000 kw-hr. of heat per lb. of the 
original material. 

In anticipation of a rapidly growing shortage 
of uranium, great attention has been given to 
‘*breeding’’, a process in which Pu or U*** is pro 
duced by the power reactor at a rate greater than 
its consumption. It is theoretically possible — but 
in practice will be very difficult — to build an indus 
trial reactor that will cause excess neutrons to be 
absorbed in a blanket of either U*** or Th, produc 
ing Pu or U*** which can serve as new fuel to con 
tinue the operation indefinitely as long as new nat 
ural uranium or thorium is supplied. This greatly 
increases the availability of fuel, for most of the 
uranium, not just the small U*** fraction, is con 
sumable, and moreover the larger resources of tho 
rium also can be used. 

Nevertheless, the engineering difficulties associ 
ated with breeding are enormous. The conditions 
which have to be fulfilled to obtain high neutron 
economy are difficult to reconcile with those needed 
to obtain a high power output. There are acute 
chemical engineering problems associated with the 
repeated treatment of the partly depleted fuel and 
uranium or thorium blanket — complicated by the 
enormous radioactivity, and the necessity for vir 
tually complete recovery at each stage. 

At the price of uranium compounds before the 
war, the cost of uranium fuel would compete with 
coal under almost any condition. llowever, the 
available supply came from fairly rich ores and was 
limited. Large use of uranium will certainly drive 
the mining industry to poorer and poorer deposits. 
The cost will be determined by the cost of handling 
large amounts of rock, although it may conceivably 
he reduced by the sale of useful byproduct minerals. 

If unfavorable assumptions are made about the 
cost of uranium and the technical practicability of 
breeding, the result is that atomic power would not 
compete with coal power in the United States except 
under special conditions. If favorable assumptions 
are made, the ultimate capacity may become even 
larger than the present coal-fired power industry 
and will operate at a lower cost, at least as far as 
fuel expenditure is concerned. At the present time, 
sufficient knowledge does not exist to make a definite 
choice. In either case, the cost of a nuclear-fuel 
power plant will be substantially greater than that 
of a coal-burning plant of similar capacity. 

We do not see how it would be possible under 
ithe most favorable circumstances to have any con- 
siderable portion of the present power supply of the 
world replaced by nuclear fuel within 20 years. 

*Pages 43 to 46 of the Fourth Semiannual Report, 
United States Atomic Energy Commission. The Advi- 
sory Committee’s members are J. Robert Oppenheimer, 
James B. Conant, Lee A. DuBridge, Enrico Fermi, I. I. 


Rabi, Hartley Rowe, Glenn T. Seaborg, Cyril S. Smith 
and Hood Worthington. 
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Postwar Research in American Ordnance Is Concentrating on Guided Missiles. 
Here is a launching test on a “‘ram jet’’, assisted on take-off by a detachable rocket. 


enough to go around, and they could not be used 
at the lavish rate that had been customary. 
Furthermore, the supply varied from time to time, 
as did military requirements, so that each alloying 
metal became scarce at one time or another and 
its use had to be drastically limited —- sometimes 
almost overnight. Thus, the metallurgist was 
forced to substitute one low-alloy steel for another 
on such short notice that no time was available 
for the extensive testing usually considered 
essential. 

His knowledge of the “new metallurgy” 
enabled him to make substitutions freely. One 
of his first jobs was to produce the historic series 
of triple-alloy steels, then known as National! 
Emergency or N.E, steels. Several of these have 
proved so satisfactory and economical as to lose 
their N.E. designation and be taken into the regu- 
lar A.L.S.I. and S.A.E. series as permanent mem- 
bers of the alloy steel family. For example, the 
8600 series (42% Ni, %% Cr, %% Mo) is now 
our chief alloy steel, when gaged on the basis of a 
definite hardenability at minimum cost. As is 
well known, these triple-alloy steels contain small 
amounts, usually less than 1%, of at least three 
alloying elements, and sometimes a large part of 
the required elements comes from the residual 
amounts in the scrap. 

As a typical example of the use of the new 
metallurgy in producing an adequate supply of a 
definite product, the work on low-alloy armor 
plate may be cited. The problem was to produce 


an improved plate and at the same time reduce 
materially the strategic alloy content. The carbon 
content of homogeneous armor was limited t 
about 0.30% by the need for weldability, and to 
avoid quench cracking. At no time in the armor 
program was this limit on carbon intentionally 
exceeded. Inasmuch as proper microstructure is 
a requisite for good armor to provide full quench 
hardening, the alloy content of the steels had to be 
varied with the thickness of plate. 

For the quenching practices developed, plates 
2 in. and under in thickness required only moder- 
ate amounts of alloying elements to harden 
throughout, and the attainment of a martensitic 
structure on quenching such plate was nol 
unusually difficult. For such plate, manganese- 
molybdenum steel, with 1.50% manganese and 
0.35% molybdenum, and manganese-chromium- 
molybdenum steel, with around 1.0% manganese, 
0.5 to 10% chromium, and 0.35% molybdenum. 
performed very successfully. Their hardenability. 
at least in the latter part of the armor program. 
was frequently augmented by adding boron. 

The average American has an outstanding 
capacity. During the last war he produced the 
best offensive and defensive weapons and the bes! 
mobile war equipment the world has ever seen 
A large part of the credit for the allied victor) 
can be attributed to the specialized and diversified. 
and deadly efficient, war matériel produced by 
American industry, and a major portion of this 
was manufactured from alloy steel. 2 


Vetal Progress; Page 490 








duce 
tbon 
1 to 
d to 
mor 
ally 
e is 
neh 
» be 


ing 
the 
est 
en. 
ory 
ed, 


h is 


Structural Alloy Steels in the Air Age 


Aircraft Engines 


By Arthur W. F. Green 


Chief Metallurgist 
Allison Division 
General Motors Corp. 
Indianapolis, Ind. 


O more compact power units exist for any use 

than those represented by the aircraft engine. 
This is true whether the comparisons are made 
with the reciprocating types (either air-cooled or 
liquid-cooled, radial, V-shaped or in-line) or the 
more recently designed turbojet engines. Cer- 
tainly no power generating units so ably epitomize 
the use of the structural alloy types of steels as 
do the reciprocating types of aircraft engines. 
No better example exists of the cooperative efforts 
of the metallurgist, steel mill operative, design 
engineer, mechanic, inspector and user. 

It is true that the advent of the gas turbine 
engine, whether straight-jet or propeller- 
jet type, has completely shattered the 
power-versus-weight ratio which has 
played so major a part in the perfection 
of the reciprocating engines. In some 
turbojet engines the power-to-pound 
weight ratio is approximately 3 lb. 
thrust to 1 Ib. engine weight (1 lb. 
thrust being equivalent to 1 hp. at 375 
miles per hr.). It has been the goal of 
the industry to build long life and high 
power output into reciprocating engines 
weighing 1 lb. per brake horsepower. 
This power-weight ratio has not been 
reached consistently — although it has 
very nearly — but engine life has been 


*In aeronautical parlance a “150-hr. 
type test” means a testing procedure speci- 
fied by the purchaser which is adapted to 
the Size, style, and design of engine 
involved. It is intended to prove unfailing 
Performance in service for at least the 
Period of the test —in this instance 150 hr. 
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tremendously extended, along with safety and 
improved performance. 

Reference to the graph on p. 494 will show 
that it took approximately 12 years, from 1916 
to 1928, to develop the reciprocating type of air- 
craft engine to pass from a 20-hr. type test to 
one of 150 hr.* Since that time, test standards 
have been adjusted so the engine would have to 
pass a test of 150 hr. of increasing severity, and 
great progress has been made in increased size, 
power and rating, together with greatly prolonged 
operational life. No small factor in such an 
accomplishment has been the careful selection and 
use of certain of the structural alloy steels. 

Reciprocating engines put together many 
compact parts of intricate and weight-saving 
design for long life and high power output. In 
attaining such desired ends this important fact 
must be noted: Improved design has not been 
accomplished through the development of new 
types of structural alloy steels. 

Early American aircraft engines were built 


The industry which builds aircraft engines depends 
on better-than-average steels in a far more essential 
manner than the other large American consuming 
industries. The latter are much older; their be- 
ginnings were in a time when ordinary steels were 
about their only resource; their recent developments 
have utilized alloy steels as substitutes for the older 
varieties. An aircraft engine — indeed the airplane 
itself and the whole air transportation industry 
— simply could not exist without these alloy steels, 
strong, tough, hard, engineered and fabricated into 


parts of minimum size and weight. 


<< 





| 
| 


—>—-- 








with steels already available, most of them on the 
lists of the S.A.E. standards. Such steels included 
the S.A.E. 2300, 2500, 3100, 3200, 3300, 3400, 4100, 
4300, 4600 and 6100 series-—a rather imposing 
list it is true, but these early engines provided the 
nuclei from which practically all later designs 
stemmed. 

Crankshafts were made from the carburizing 
types of S.A.E.2500 and 3300 series, or of oil 
hardening 3440 and 4340. Connecting rods and 
master rods were made from 3440 and 4340. 
Push rods were designed around 2330, 3130, and 
4130 steels. (Such steels were also used for 
many accessory parts and supports where tubing, 
sheet or strip entered into fabrication procedures. ) 
Piston and knuckle pins were made either from 
carburizing types of steel such as 5S.A.E.2300, 
2500, or 3300, or from the oil hardening alloy 
steels (S.A.E.4340 or 6150). 

The very important valve springs were made 
from S.A.E.6150 steel. Valve spring washers and 
other accessory valve mechanisms were made 
from 3140, 3250, 4140, 4640 or 6150 steels. 

Small accessory gears and low stressed gears 
in general were made from carburizing types of 
the S.A.E.2300, 3100, and 4600 series. Highly 
stressed gears, such as for main drives, were 
designed around the 2500, 3300 and 4300 series 
of carburizing steels. Cams and accessory parts 
were made usually from the 2500, 3100, 3300, 
$300 and 4600 carburizing types. 

Some cam rollers and accessories such as 
shafts used in such assemblies were made from 
the S.A.E.52100 series (high-carbon, chromium 
steels). Roller bearings, when used, were made 
from either the carburized steels such as S.A.E. 
3100, 4300 and 4600 or 52100, and ball bearings 
from the 52100 series. 

Cylinder barrels were made either from 4140 
oil hardened, or carburized steels in the 3300 and 
1600 series. 

Highly stressed studs and screws were made 
either from 4340, 4640 or 6150 steels. Low 
stressed studs and screws used such steels as 
2300, 3100, 4100 or 4600, usually in the 0.30% C 
range. Small shafts such as used in accessory 
drives were made from the S.A.E.3100, 3300, 
$100, 4300 and 4600 series in the carburizing 
grades, and treated for core hardness in the range 
of Rockwell C-26 to 36. Heavy duty drive shafts 
were designed principally around 3450 and 4340 
steel, heat treated in the range of C-30 to 40. 

No attempt is made to list the more highly 
alloyed and specialized types of valve steels. How- 
ever, the aircraft engine may be credited with 
having caused the invention of some alloys — for 
example, the high chromium-nickel group alloyed 


with varying amounts of molybdenum, tungstep 
and vanadium, as well as the design of the liquid 
cooled valve. A major step forward in engine life 
and increased power was centered in such 
development. 

The consistent improvement in reciprocating 
engine design with attendant increased perform. 
ance and life kept pace with the improvement jp 
airframes and the demands of their manufar. 
turers. However, it had become evident tha 
ordinary alloy and forging steel was not quite 
good enough to provide the high degree of struc. 
tural uniformity and quality such demands neces. 
sitated. Consequently, many of the engine 
manufacturers began the formulation of specifica- 
tions for their raw- steel requirements aimed 
toward quality control. It should be noted that 


Phantom View of 400-Hp., 12-Cylinder Liberty Engin 
of 1917 Which Could Pass a 20-Hr. Type Test. 
Compare with the view opposite, at approximatel 
the same scale, of an Allison 12-cylinder engine develop: 
ing 2000 hp. and easily passing a 150-hr. type test. Photo 
of old Liberty engine courtesy Packard Motor Car Co. 
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fundximentally, no new steels were asked for nor 
developed as a result of such action. Tests for 
uniformity and soundness were tightened. The 
introduction and widespread use of magnetic par- 
tice inspection was a major step forward in 
improving the quality of materials and parts that 
required maximum endurance against alternating 
stresses. 

It was at this point that the steel producers 
showed their versatility and ability. Electric 
furnace structural alloy steels were produced 
under most precise controls. Openhearth struc- 
tural alloy steels were provided with a degree of 
consistency as to quality produced but rarely 


before. Many of the steels were bloomed and 


billeted for conversion into forgings, bars, tubing, 
sheet and strip, in such a manner that only such 
ingots or portions of ingot were used from any 
one heat as careful testing showed would provide 
quality and uniformity for engine assemblies. 
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The fact that an individual crankshaft, as a 
finished part ready for engine assembly, might 
weigh less than 40% of the total weight of the 
forging billet used in its making; furthermore 
that that billet represented but 70% of the original 
ingot weight; and lastly that more than 300 
man-hours of skilled labor went into its fabrica- 


tion —- these facts may be clear indication of the 
necessity for making such a part from good, clean, 
uniform steel. Consider further that that crank- 
shaft might be-called upon to transmit 1500 or 
more horsepower for flying an airplane in a 
dangerous war mission wherein not only the 
safety of the pilot and his crew but also at times 
the disposition of hundreds of other men in battle 
was pitted against unfailing mechanical _per- 
formance, or that the engine must transport 
goods and people over land and sea. Frankly, a 
major point in manufacturing economy was also 
involved. It is not too costly to replace a piece 
of poor quality steel on 
a pound-cost basis, but 
every man-hour of labor 
expended on such a piece 
of steel is irrevocably 
lost when the part fails 
lo pass final inspection. 

From such consid- 
erations it is easy to 
appreciate the engine 
builders’ attitude that 
their raw materials sim- 
ply must be beyond sus- 
picion, and that even 
large expenditures to 
determine the qualities 
at the very outset would 
be money well spent and 
suved many times over 
On the other hand, it was 
recognized that the great 
number of specifications 
from individual engine 
manufacturers, along 
with those of various 
governmental agencies, 
was creating an increas- 
ingly difficult problem for 
the steelmakers. Accord- 
ingly, the engine, pro- 
peller and 
manufacturers organized 
a committee to straighten 
this out, with the evolu- 
tion and general use 
(particularly among the 
engine and propeller 


airframe 
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' Comparison of Type Test Standards 
3000 H. P. for Reciprocating Engines (Dotted 
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Line) and Jet Engines (Full Line) 


the reaction of the industry to 
the substitution of these new 
and untried steels for aircraft 
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JET ENGINE——* 


parts. Here was an industry 
producing a most vital war 
implement. Its flying power. 
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plants had been evolved and 
proved over a long period of 
years after hundreds of thov- 
sands of hours of development 
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making groups) of the so-called S.A.E. Aeronau- 
tical Materials Specifications —— more simply the 
A.M.S. specifications. These created no new steels 
but simply delineated “aircraft quality require- 
ments” of the fundamental structural alloys and 
other materials needed by the industry. 

It must not be assumed that some new steels 
have not been introduced into the making of air- 
craft engines. An example is nitralloy, the Cr-Mo 
or Ni-Cr-Mo steel with 1%,% aluminum. This 
material is used with much success for parts 
requiring good structural strength accompanied by 
high surface hardness, such as for pump, gears, 
and cylinder barrels. 

The low-temperature nitriding heat treatment 
has also been very successful for parts made from 
S.A.E.4340 where bearing surfaces required greater 
hardness than would be obtainable on the oil- 
quenched and tempered material. 

Generally speaking, the structural alloy steels 
originally used continued to be specified for air- 
craft engine manufacture up to the time of World 
War II. By that time engines had reached the 
point where power plants were delivering up to 
1800 brake hp. with overhaul periods extended to 
600 hr. and more. Since that time both these values 
have been practically doubled. However, the 
greatly increased production of aircraft and engines, 
together with other material for war use, created 
a great scarcity of basic alloying elements. By 
June of 1942 it was apparent that the aircraft 
industry would be taking in excess of 10% of the 
total tonnage of structural alloy steel then avail- 
able from a steel industry producing at peak. 
Metallurgical and production genius was combined 
in a mighty effort to overcome the situation so 
quickly developed. The result was the formulation 
and production of the National Emergency Steels. 

“Consternation” is no fitting word to describe 


EG 1940 1945 1950 and testing with a group of 


proved low-alloy structural 

steels, and the rule was to avoid 
substitutions or changes in strategic engine parts 
without long and costly testing procedures. Yet 
the situation concerning available alloying ele- 
ments was this: We had sufficient molybdenun, 
plenty of carbon, and practically nothing else but 
“tramp” alloy in the circulating scrap. 

This was truly a major metallurgical and 
engineering problem. The aircraft industry accepted 
the recommendations of its metallurgists and 
engineers and the available data supplied by the 
steel industries’ operating and metallurgical groups. 
Engines were built and tested using these new 
steels for all parts wherein such substitutions could 
perchance be made without serious detriment. 
Within the space of one year such concentrated 
testing showed that several of the N.E. steels had 
merit and could replace the time-tested grades. 
Aeronautical Material Specifications appeared for 
the N.E.8615, 8617, 8620 steels for replacing S.A. 
4100 and 4600 types, and in some instances the 
3100 series for carburized parts. Furthermore, 
N.E.8630 ably replaced S.A.E.2330 and 4130 for 
many parts and N.E.8737, 8740 and 8742 were 
often used to replace 4140, 4640 and 6150. Cylinder 
barrel steel remained either as nitrided nitralloy 
or oil hardened and tempered 4140, except in one 
instance where N.E.8620 replaced S.A.E.4620. Parts 
made from 4340 steel were not replaced by the 
N.E. steels, at least in such items as crankshafts, 
heavy duty shafts, connecting and master rods, nor 
was 6150 replaced for valve springs, although it 
was replaced for many minor parts such as screws 
and studs, and in some instances for piston pins by 
N.E.8737 and 8740. The N.E.9300 series success 
fully replaced the S.A.E.2300, 2500 and 3300 car- 
burizing grades in most parts. These replacements 
have continued to be more or less permanent. 

The jet engine has brought new problems to 
the metallurgist and engineer in the aircraft engine . 
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industry. The low-alloy structural steels find but 
limited use in such power plants, being confined 
to minor parts, accessories and some shafting that 
is not exposed to high operating temperatures. 
The development of the jet engine is quite new, 
and there is every possibility that, as knowledge 
of its behavior grows, some of the parts now 
being made from highly alloyed metals may be 
replaced. On the other hand, this new type of 
engine cannot be considered as yet as obsoleting 
the reciprocating type of aircraft power plant in 


all types of aircraft installations, and the aircraft 
industry as a whole will continue to require high 
quality structural alloy steels for many items in 
airframe, propeller and engine manufacture. 

The products of the aircraft industry are 
examples of what can be done with well made, 
low-alloy structural steels, and the aircraft engine 
industry pays tribute to the steel industry for its 
maintenance and continued development of qual- 
ity steelmaking operations, which provide these 
basic metals for its use. 


Alloy Steels in the Airplane Itself 


By L. D. Bonham 
Asst. Chief Engineer 
Fletcher Aviation Corp. 
Pasadena, Calif. 


T CAN HARDLY be realized what enormous 

advancement has been made in the airplane 
since the Wright brothers made their first flight 
scarcely more than 45 years ago. At that time the 
public had no idea of the impetus that the airplane 
would ultimately add to the march of our economy. 
People have always found it hard to grasp the 
importance of new scientific developments. For 
example, it is doubtful whether the man in the 
street today has any better realization of the 
benefits to our society to accrue from atomic power 
than he had 45 years ago when only three news- 
papers in this country mentioned the first airplane 
flight at Kitty Hawk. 

Many factors have contributed to the important 
position that the airplane now holds in our Amer- 
ican life. Naturally no one factor could possibly 
be responsible for the development of this impor- 
tant industry, but each factor 
has played its own important 
and interlocking role. The devel- 
opment and refinement of the 
airplane engine have gone hand 
in hand with the research devel- 
opment and improvement in 
fuels. The incentive of the air- 
plane designer has always been 
lo build an airplane that is bet- 
ter than the engine. On the other 
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hand the engine designer has been challenged to 
build an engine that is in advance of the airplane, 
and so the design war goes on. 

All this emphasis for more power and higher 
speed together with reliability, comfort and safety 
has not found the metallurgist in the background. 
Heretofore he has always met the challenge. In 
the early days of the wood and fabric airplane 
there was little opportunity for the metallurgist. 
Even later, when the airplane advanced to the 
metal and fabric stage, there was little that the 
steel metallurgist could contribute to the airframe 
that was not already known. In those days plain 
carbon steel tubing with a tensile strength of 
55,000 psi. was satisfactory for fuselage skeletons 
and engine mounts. This thinking did not change 
appreciably until the advent of the engine super- 
charger and the all-metal airplane in the early 
1930's. It was about this time that the airplane 
came into its own and became an important and 
uniquely valuable vehicle of commerce. It did not 
take long for the airplane manufacturer and the 
owner and operator to realize that the higher 
percentage of payload that could be realized for 
the gross weight of the airplane, the more profit- 
able it would be as a carrier of 
passengers, mail and freight. By 
the simple formula 


Gross Weight 
Useful Load + Weight Empty 


it is self-evident that the way to 
increase useful load in an air- 
plane of a fixed gross weight is 
to decrease the weight empty. 
There aren't many ways of 
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decreasing the weight empty except by just 
decreasing the weight empty! That was the logical 
thing to do and that is what the designer did. 

The transition from the low-strength plain 
carbon steels to low-alloy steels of higher strength 
has enabled us to design more efficient structures, 
reduce weight and increase performance. Except 
for a few nonstructural applications, no commer- 
cial or military airplane today uses the plain 
carbon steels. Alloy steel engine mounts, landing 
gear structures and attachment fittings gain as 
much as 4 to 1 strength-weight ratio over plain 
carbon steel. 

This fact certainly cannot be dismissed lightly, 
considering the fact that, in a high-performance 


that the use of alloy steels alone is responsib} 
for the trends indicated in these diagrams, py 
there is absolutely no question but that their use 
has contributed measurably to the desired end 
The successful evolution of any complex mechap. 
ical contrivance always results from the driving 
force of economic necessity and the additive impe. 
tus of the technological development of each of the 
sciences contributing to and involved in the devel- 
opment of that device. 

Compared with aircraft engine, propeller and 
accessories, the airframe uses a relatively small 
number of alloy steels. A survey of the major 
airframe manufacturers shows that the following 
S.A.E. low-alloy steels are in common use. Except 
for a very few special applications 
this group is sufficient to meet 
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present requirements: 
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8620 4315 
8630 4340 
8740 6150 
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Steel producers have worked 
diligently, hand in hand with the 
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military services and the aircraf| 
industry’s standardization com- 
mittees, in the preparation of 
workable specifications to mee! 
the rigid and high quality stand- 
ards required of these steels. The 
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for Cargo Planes (Read Right) 


National Emergency steels devel- 
oped at the beginning of the war 
were a product of joint coopera- 
tion between the steel manufac- 








Year 


Trend With Time of Speed and Carrying Efficiency of Cargo Airplanes 


commercial or military airplane, approximately 
15% of the empty weight of the airplane utilizes 
low-alloy steel in structural fittings, landing gear 
and other equipment where high strength is 
required and the nature of the part is such as to 
render the light alloys unsatisfactory. 

As a matter of interest to the reader, the 
above curves illustrate the necessity for reduc- 
ing the empty weight of the airplane in order to 
keep pace with the trend for higher engine power, 
higher airplane performance and increased returns 
in the form of more payload. 

The aeronautical engineer has to keep con- 
tinually on the alert and take advantage of any 
factors which influence the performance and econ- 
omy of the airplane. It would be absurd to believe 


1910 4 /920 1930 1940 /950 


IS 
1960 turer and the steel user and, as 
has so often been truly said, they 
played a vital role when economy 
of available resources was so 
very urgent. 

Similarly, the contribution that alloy steels 
have made to the economy of the airframe industry 
is evidenced by the extent to which the designer 
has utilized these materials. Every pound of weight 
that can be saved by the selection and use of the 
most efficient material means increased revenue to 
the operator, not only in the first flight but as long 
as the complete life of the airplane. Considering 
the fact that transport, cargo and bombing air- 
planes are now being built with design gross 
weights of 100,000, 200,000 and even up to 350,000 
lb., it is evident how extremely important it is to 
keep striving to reduce the empty airframe weight. 

This can and will be done, and will continue 
to be assisted by the proper and judicious use of 
alloy steels. ~] 
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in the Automotive Industry 


By William F. Sherman 
Manager 

Engineering and Technical Dept. 
Automobile Manufacturers Assoc. 


x 
Vetroit 


Members of the’ @ do not need to be told of the 


Role of Alloy Steels 


However, as far back as 1905, when 
we had produced only about 50,000 


vehicles of all types—a mere rivulet 
entering the pool that this year reached 


many applications of alloy steels in the modern an accumulated total of 100 million 


passenger car and motor truck. Nor do they need 
to be told that metallurgists generally are a rather 
modest set. Few of them are ready to proclaim 
their indispensability or the beneficent influence 
of improved alloys on mankind's progress. Without 


attempting a definite segregation of credit, this fore- 


motor vehicles we find a record of the 
earliest printed specifications for auto- 
motive steels, including alloys. This is 
in Bulletin No. 9 of the Mechanical 
Branch, Assoc. of Licensed Automobile 
Manufacturers, dated Dec. 23, 1905. 
Prepared by Henry Souther, a pioneer 
in automotive engineering, six specifica- 
tions were set down: 


word emphasizes that metallurgists in the auto- No, I 0.49% carbon chrome-nickel steel 
No. 2- - 0.25% carbon chrome-nickel steel 
motive industry well deserve all the credit that can No. 3 — Nickel steel (0.30% carbon) 
No. 4 —- Carbon steel (0.50 carbon) 
be given to those persons who select the materials No. 5 — Low carbon steel 
No. 6 Spring steel 


and manage them so successfully in processing. 


LLOY STEELS and automobiles are twins of 

modern industrial development and their 
‘hronologies are closely interwoven. 

No records are readily available to indicate 
what materials were used in those steam- 
powered and electric-powered vehicies which were 
attempted in the years preceding the first success- 
ful ones driven by gasoline engines. The period 
from 1877, when original application was made 
for the Selden patent, until 1895 or 1896 when 
Charles B. King, Henry Ford, the Duryeas and 
others had their initial successes, was one of 
experimentation that did not involve the practical 
use of very many materials. Early American 
car makers relied on the metals used by carriage 
builders — cold rolled steels and cast iron. 
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Other specifications or standards of 

a similar character followed in A.L.A.M 

bulletins until that organization, a 

predecessor of today’s Automobile Manufacturers 

Assoc., waived this and all related standardization 

activities in the industry to the Society of Auto 

mobile Engineers, forerunner of today’s Society of 
Automotive Engineers. 

It has been said, and it seems with justifica- 
tion, that the automotive industry was the first 
to make a general practice of specifying materials 
on an engineering basis. That meant inevitably 
the selection of alloy steels and their application 
and processing to obtain desired results. 

Of course, gunsmiths, engineers in the elec- 
trical industry, and doubtless others were also 
pioneering in the intelligent selection of mate- 
rials. Thus, the American Society for Testing 
Materials was organized in 1898 with 70 members 
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interested in the “standardization of specifications 
and methods of testing’. However, a fundamental 
automotive requirement underlies the emphasis on 
engineering materials in the automotive world. 
Basic to the motor vehicle is the problem of 
mobility, and that brings with it the problems of 
obtaining a high strength-weight ratio in a machine 
capable of carrying adequate payload and with- 
standing high cyclic stresses. These requirements 
made automotive engineers sharply cognizant of 
the virtues and faults of metals and eager to find 
ways of getting the most performance out of the 
materials available. 


Foundation of A.S.M. 


It is small wonder that the Steel Treaters’ 
Club of 1913, the parent organization from which 
the American Society for Metals sprang, found 
such fertile soil and put down such strong roots 
in Detroit, the automobile center. 

In more than one sense of the word, the first 
decades of the industry’s efforts included some 
very rugged days. There are men still active who 
can report that others laughed at them for looking 
at steel through a microscope, and that micro- 
photography of grain structure brought derisive 
remarks about “pictures of cookies”. So, too, were 
the rugged days when broken gears and axle shafts 
were dismissed as just the result of “natural 
crystallization under repeated loads”. Many early 
drivers prided themselves on having engines “so 
powerful that the axles couldn’t take it”. 

The use of alloys, and their more discrimi- 
nating use through the years that followed, has 
remedied the situation, adding tremendously to 
the utility, the economy and the safety of the 
automotive vehicles available today. 

Significant milestones are being passed this 
year by steel alloys, which currently is the cause 
of this 75th anniversary celebration, and by the 
automotive industry, which is now well beyond 
the 50-year mark as an industrial entity and is 
calling public attention to the fact that it has 
produced in America 100 million passenger cars, 
trucks and busses. 

In this, the ability to obtain and utilize prop- 
erly materials that did contribute to durability, 
economy and safety has been of paramount 
importance. Among first known applications of 
alloy steels were transmission gears and pinions, 
where load-bearing capacity was vital. In addition, 
these parts must be made small, light, free from 
distortion, quiet in operation and with good wear 
characteristics. Reciprocating parts, shafts, cams 
and steering mechanisms were other units where 
light weight and assured strength were vital. 


Equally important to the automotive industry 
were materials that were easy to machine and 
process. In fact, the processing of materials js 
always so costly that improvements in machin. 
ability often far outweigh other considerations. 
As a matter of record, the author calls attention 
to the fact that those specialists on automotive 
use of alloys consulted in the preparation of this 
article have invariably accorded high precedence 
to design, engineering and other factors that have 
resulted in today’s highly acceptable products, 

As the industry progressed and learned what 
results came from repetitive reversal of dynamic 
loads on parts, fatigue life, too, became very 
important. , 

Somewhat outside the mechanical field, but 
closely related to it, was the need for heat resist- 
ant materials, particularly for exhaust valves, and 
corrosion resistant materials for units like water 
pumps. All of these needs were met by means of 
intensive metallurgical effort and cooperation 
between the suppliers of alloy steels and the 
automotive industry. 

It has been said many times that the purpose 
in employing alloys was to provide a means of 
obtaining desired properties not obtainable read- 
ily, or at all, by other means. Even so, there have 
been misapprehensions and misunderstandings by 
steel users about the role of alloys, as is attested 
by currently published advice that “the steel user 
should remember that the elastic deflections under 
load of a given part are a function of the section 
of the part rather than of the composition, heat 
treatment or hardness of the particular steel that 
may be used” — evidence that alloys have often 
proved so useful and so valuable that unthinking 
users sought a “dosage” to. mitigate almost any 
evil that crept into their product or their shop 
practice. The general course of events, however, 
has been one of steady and rapid progress in the 
direction of using alloys economically and with 
a great deal of discrimination. 

Actually, history may prove that alloy steels 
were a sort of catalyst which made it possible to 
apply engineering techniques and methods with 
increasing efficiency for the selection and process 
ing of all metals. While working with the iron 
alloys of World War I, metallurgical science and 
its shop application took great strides through the 
years that led up to World War II, thus furnish- 
ing wholly unexpected results with low alloys 
when the pinch came during the war. In this 
pattern, the automotive industry played one of 
the important roles; its broad background in alloy 
usage enabled it to match up available materials 
with processes that would produce acceptable 
parts for all sorts of war matériel. 
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Today the automotive industry and others 
have the advantage of a still-growing and massive 
collection of hardenability data from which it 
selects materials more intelligently than ever. 
Proportionate amounts of alloys have decreased, 
even since the end of the war; but the economic 
benefits from the careful choice of alloy steels, and 
their proper use, will certainly continue. Depend- 
ing upon size and shape of the parts, there may 
be more or less choice in this matter, but (so long 
as the automotive industry continues to seek 
improvement aggressively) alloys will continue to 
find increasing place. 

On the occasion of this 75th anniversary of 
alloy steels, it is fair to say that the opportunity 
of working consistently with alloy steels has been 
one of the stimuli leading to the application of all 
materials in a more discriminating fashion. The 
goal, which is becoming universal, is to use mate- 
rials in a way that will get the most in perform- 
ance; to economize by careful applications; to 
improve products by finding new useful ways to 
put materials to work; to conserve by using 
wisely and well. 

Most recently available figures (1947) indicate 
that the automotive industry continues, as it has 
through recent years, to be the major user of 
alloy steels in America. Last year the industry 
consumed more than 30% of the alloy steels pro- 
duced (consumption was 1,274,054 tons out of a 


total of 4,156,008, excluding stainless). Besides 
being the largest individual consumer of alloy 
steels, the automotive industry probably is unique 
also in the extent to which alloy steels constitute 
its finished product. In terms of consumption, the 
automotive industry received shipments of 9,273,- 
363 tons of steel of all kinds, and nearly 14% of 
these shipments were alloy steels. 


Developments From Early Uses 


Significant trends in the use of alloy steels 
first showed themselves shortly after the begin- 
ning of the century. A review of some of the 
early advertising helps to bring the picture into 
focus. The earliest made no mention of alloys. 
For example, the Cameron car, “a swift and pow- 
erful” runabout at $650, advertised “We Use 
Brains and Good Material”. More specifically, it 
boasted that the two-speed transmission had 
gearing of “cut and hardened machinery steel”. 

But a technical review of the Grout Gasoline 
Car in 1905 advised that nickel steel forgings were 
used for connecting rods and that both front and 
rear axles were made of 3% nickel steel “of 
square section and solid”’. 

The Apperson Jack Rabbit (“only 15 cars of 
this type will be built for 1907”, the Apperson 
brothers advertised) claimed: “Construction 
Krupp nickel steel throughout.” Incidentally, 





John R. Citizen Thinks of the Automotive Industry in Terms of Mass Production — and 
Rightly so — But Seldom Realizes That Precise Metallurgical Control Is One of Its Foun- 
dation Stones. Photo courtesy Chevrolet Gear & Axle Division, General Motors Corp. 
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Elwood Haynes,* later to build his own cars, was 
metallurgist with the Apperson brothers. 

In 1905 Henry Ford had picked up a valve 
stem from a wrecked French racer on the sands 
of Palm Beach, marveled at its light weight and 
great strength, discovered through his metallur- 
gist, the late C. Harold Wills, that it was vanadium 
alloy, and began experiments that resulted in 
widespread use of this alloy steel in the Model T 
Ford. In 1907 Ford was also making plentiful use 
of other alloys, his advertising in that year advis- 
ing prospective purchasers: 

“Nickel-steel is now used for all gears, crank- 
shafts, cam-shafts and other heavy duty parts 
instead of the ordinary high-carbon commercial 
steels formerly used.” 


This was Ford’s sensational $500 four- 
cylinder car (a year before, he had built a big six) 
and the advertisement contains other significant 
statements worth noting. It claimed that the 
original demonstrating runabout had to its credit 
50,000 miles and that, after selling 2500 of these 
models, there had been fewer troubles, less repairs, 
and less replacements than in any other model 
ever built. 

“How was it done?” the Ford ad_= asked. 
“Envious competitors,” was the reply, “say by the 
use of cheap materials and slighting the work. 
IT IS IMPOSSIBLE” capitalization as it appeared 
in the original) “TO PROFITABLY BUILD A FOUR- 
CYLINDER CAR AT $500 BY THE USE OF POOR 
MATERIALS. And LOOSE WORKMANSHIP IS THE 
MOST EXPENSIVE KIND that can be put in an 
automobile. The maker loses many times the cost 
of good labor when it comes to assembling parts 
that will not fit that are so loose that they are 
noisy or so tight as to call for filing hand work.” 


That particular philosophy, as all know today, 
was pretty sound. In a general way it explains 
why the use of materials followed the course it 
did. The hardness, toughness and other durability 
characteristics of better materials did reduce 
repairs and replacements, to the lasting advantage 
of the customer. And good materials, properly 
processed, did reduce costs of manufacture and 
are the foundation of the mass production system 
that shortly thereafter developed in the auto- 
motive industry. 

It was successes founded on these corner- 
stones that enabled the industry within three or 
four years to tool-up for tremendous volume pro- 
duction. The steady gains that had been made 
each year from 1904 — 22,000, 25,000, 34,000, 


*Pioneer who made a series of complex alloys 
during 1907 to 1913 when searching for durable spark 
plug electrodes. The best of these survive as the 
“stellites”, combinations of Co, Cr, W, and Mo. 


—— 


Chicago Museum of Science and Industry Models an 
Early Cadillac Version of the Convertible Roadster. 
so Popular With the Younger Set, Complete With Wide 
View, Fresh Air, Flywheel and Acetylene Lamps 


44,000 units in successive years led to a doubling 
of production between 1908 and 1909. Similar 
skyrocketing occurred as production passed the 
210,000 mark in 1911, exceeded half a million in 
1914, and totaled 1,600,000-plus in 1916. 

After World War I, C. Harold Wills, who had 
been associated with Ford for about 20 years, 
turned his attention to the development of an 
automobile that would use alloys extensively to 
promote light weight in vehicles. 

Scientific magazines wrote glowing stories 
about the successful use of “Mo-lyb-den-um” stee! 
in automobiles after its initial use in Liberty) 
engine crankshafts and “baby tanks”. 

When he introduced the famous Wills Sainte 
Claire, trade literature gave equal billing to both 

the alloy and the automobile. It asserted: 


“To fitly describe the Wills Sainte Claire in 
ordinary terms is difficult, for it is different from 
any other car. Suffice it to say here that it is 
stronger and that its Mo-lyb-den-um steel make-up 
enables it to resist the ceaseless shock and vibralion 
which prove disastrous to steels of less merit.” 


It even made the claim that “being light in weighl. 
it saves tires”. 
Other items made 


‘sensational” statements 


Metal Progress; Page 500 


























h 


4 Page From the Wills Sainte Claire Catalog 
of 1923 Featuring a New Alloy Steel as One of 
the Unseen Things Responsible for Excellence 


like “the crankshaft of the Wills Sainte 
Claire motor is made of chrome—Mo-lyb- 
den-um steel”. One pamphlet describing 
“Unseen. Things” inside the vehicle listed 
“No. 4, the Connecting Rods”. With a 
reproduction of the original, some of the 
description reads: 

“The Wills Sainte Claire connecting 
rods are beautiful examples of what 
science is doing in modern precise manu- 
facturing .... They are like muscular and 
skillful human arms.” 

No “beautiful” aspects were found in 
the description of the rear axle housing, 
but it was similarly twisted, in the artist’s 
visualization of its toughness. 


Credit for Achievement 


Thus far the question of proper 
usage of materials has been translated in 
lerms of industry’s technological and 
economic benefits. 

Another way to look at it is that 
better products have been made available 
consistently to the 30 million individuals 
in the United States who own and operate 
motor vehicles, either in trade and 
commerce or for personal transportation. 
rhe result is that about 40 million motor 
vehicles are now registered and operating. This 
lransportation fleet has wrought a tremendous 
transformation in America. These cars and trucks 
have changed the location and sizes of cities, and 
the growth of trade and commerce in village and 
town, to a degree appreciated only by those who 
can recall the American scene of 1910. 

Our living habits and our work habits have 
been changed fundamentally by the motor vehicle. 
There is today virtually no such thing as a “pleas- 
ure car” —-it has become indispensable for every- 
day living. Combined with the mechanization of 
the farm by agricultural implements, it has in 
large part been responsible for America’s increas- 
ing production of foodstuffs with an ever smaller 
farm population. 

Based upon a unique combination of our 
resources -— men, materials and machines —— there 
has grown up a transportation system peculiar to 
America alone. Motor vehicles in the United 
States now account for 85% of all miles of pas- 
Senger travel in the nation, and carry more freight 
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manufacturing. The connect- 
ing rods are a very vital part of 
the modern motor. They are 
like muscular and skillful human 
arms. They must be very strong, 
yet very light. Here again Mr. 
Wills has opened a new epoch in 
automotive enginecring. 

The material used in the con- 
necting rods is chrome -Mo-lyb- 
den-um steel. They are what is 
known as H-section connecting 
rods of two types;one, a forked s.eimc the toushness and 
rod which fastens rigidly to the sreneth pak od pag 8 
connecting rod bearing, and the weet ames of USS AES 
other, a plain rod working on the — 
outside of the connecting rod bearing, between the forks 
of the forked rod. Both types of connecting rod are 
beautifully machined over their entire surface. Each rod 
is weighed and balanced to the fraction of an ounce, in- 
suring perfect balance in the moving parts of the engine. 


Unseen Thing Number § 
The Fan 


THE AUTOMATIC FAN RELEASE is one of the improvements 
in automotive mechanisms that have placed the Wills 
Sainte Claire motor far in advance of the average automo- 
bile engine of today.' It is another evidence of the ex- 
treme attention to detail which Mr. Wills and his asso- 


[15] 


tonnage yearly than all other transport forms 
combined —- railroads, domestic waterways, pipe- 
lines and airlines! 

Over a million persons now are employed in 
American plants making motor vehicles and parts: 
7,500,000 more work in the related fields of truck- 
ing, garages, gas stations, sales places, road build- 
ing. Thus more than one in seven jobs in America 
is directly related to motor vehicle transportation, 
even aside from the indirect effect of motor 
vehicles on agriculture, retail trade, the tourist 
industry and other activities. Trucking alone 
employs about 5,250,000 persons, or more than 
twice the combined total employed in all other 
transportation activities. In fact, except for farm- 
ing, truck driving is now the nation’s largest 
single occupational class. 

In these tremendous achievements modern 
materials have played an important role. 

And alloy steels have had top billing in this 
modern drama. 

A SaLuTE To ALLoy STEELS! 





— 






Alloy Steels in Railroad Service 


By J. L. Carver 


Mechanical and Research Engineer 
Illinois Central Railroad 


Chicago 


Railroad men have been continually facing a di- 
lemma when choosing metals for their services. 
On the one hand, the increased demands on track 
and rolling stock indicate the need for utmost re- 
finement in design, treatment and selection of 
metals. On the other hand, the paramount require- 
ment of toughness under bruising service at extreme 
winter temperatures rarely is provided in alloys 


of high strength. Heat treated steels are also likely 


tion and a natural one because, over 
the years, railroads have consistently 
consumed a notable percentage of the 
total production of the steel industry. 
To better review this anniversary, 
we might do well to consider the basic 
question as to the purpose for using a 
low-alloy steel. What should we expect 
from it to justify an increased cost over 
that of plain carbon steel? Funda- 
mentally the purpose should be to capi- 
talize upon those properties which are 
not to be found in plain carbon steels, 
and to make them work to our advan- 
tage in receiving greater safety and 





to be unwittingly abused when emergency repairs 
are made in divisional shops. Nevertheless, modern 


motive power and lightweight cars are consuming 


ever-increasing proportions of alloy steels. 


S THE American Society for Metals celebrates 

the 75th Anniversary of the first use of low- 
alloy steels— on a notable railroad bridge, as it 
happens — we on the railroads pause to survey this 
latest milestone along a route of many commemo- 
rating anniversaries and achievements in both the 
railroad and steel industries. 

We might well do this together, for the growth 
and development of the railroads and the steel 
industry have paralleled one another. Both have 
exerted powerful influences on our national prog- 
ress and wealth. As the engineering sciences have 
moved ahead successfully just so far as the prop- 
erties of the construction materials available would 
permit, so have both industries progressed, steel 
developing new useful materials and railroads 
applying and assaying their real worth in very 
rugged applications indeed. It is a good combina- 


lower fabricating, maintenance, and 
operating costs. Satisfactory service 
along such lines, which is the ultimate 
objective, is often indicated by proper- 
ties of increased strength, plasticity, 
toughness, hardenability, greater resist- 
ance to fatigue, wear, and to the cor- 
rosion of air, chemicals and elevated 
temperatures. 
Particularly in this critical stage in railroad 
history when our motive power is undergoing its 
greatest transition since the advent of the steam 
locomotive itself, we would do well to take stock 
of all the possible available materials and to check 
them to see to what extent we are utilizing them 
More diesel than steam locomotives are now being 
built, but the diesel’s position of prominence even 
now is not assured, as the various steam and gas 
turbine locomotives are progressing toward the 
trial model stage. This new equipment is demand- 
ing and utilizing new materials. 

For instance, when one considers diese! 
locomotives, there is much more important and 
extensive use of alloy castings in cylinder liners, 
crankshafts, and frames and forged alloy steels 
in other parts. The various turbined locomotives 
are demanding other new, and often as yet undis- 
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covered or undeveloped, metallic alloys which will 
combine such properties as high-temperature 
strength, creep resistance, high-temperature cor- 
rosion resistance, and weldability. 

A little over a century ago, when railroads 
started building their highways into the great trans- 
Mississippi region, the average steam locomotive 
weighed about 15 tons, may have developed in the 
neighborhood of 25 to 35 hp., operated at boiler 
pressures from 50 to 120 psi., traveled at about 15 
to 20 miles per hr., did well to haul a load of 30 
to 40 tons, and was considered a success if it 
could complete five days of operation before going 
into the shop for repair. It traveled on iron rails 
weighing about 12 to 15 lb. per yard which were 
obtainable in maximum lengths of 15 to 20 ft., and 
which (for those seeking solace from today’s steel 
prices) .cost over $210 per ton.* 

Today our average modern steam locomotive 
will weigh 400 to 450 tons, develop in the neighbor- 
hood of 6000 hp., travel at speeds from 60 to 100 
miles per hr., depending on the type of service, 
and haul about 6000 tons. It travels on steel rails 
weighing in some sections over 130 lb. per yard 
which are now available in 120-ft. lengths. Such 
changes in weights and speeds obviously demand 
different constructional materials. Another com- 
pelling reason for continued progress is the 
emphasis on public safety, the uniform minimum 


*S. L. Goodale’s “Chronology of Iron and Steel” 
says that American manufacture of heavy iron rails 
commenced early in 1844 at the Mount Savage Rolling 
Mill, in Allegany County, Md. Most of these were of 
inverted U pattern (the so-called bridge rail or Evans 
U rail) weighing about 40 Ib. 
per yard, but some T rails of 
the now commonly used sec- 
tion weighing 50 Ib. were 
rolled for the Fall River to 
Boston railroad. J. Edgar 
Thompson, president of the 
Pennsylvania railroad, 
imported 100 tons of steel 
rails from England in 1862; 
these were high-carbon cru- 
cible steel, and many broke 
in the cold winter. The first 
bessemer steel rail rolled in 
America was made at the 
North Chicago Rolling Mill in 
1865 on a site now occupied 
by Scully Steel Products Co. 
The steel was made at a plant 
using the pneumatic process 
of William Kelley, established 
in Wyandotte, Mich., the year 
before — an occurrence com- 
memorated by the American 
Society for Metals by appro- 
priate ceremonies during its 
1922 convention in Detroit. 
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requirements for which are maintained by the 
Interstate Commerce Commission. 

The construction materials of a century ago 
were predominantly wrought iron and timber. The 
iron had a yield strength in the neighborhood of 
25,000 psi. As the demands upon constructional 
material increased and the bessemer process was 
introduced, there was a change from iron to steel 

plain carbon steel with a yield strength some- 
where in the neighborhood of 33,000 psi. While 
this is still what might be called the basic materia! 
for rolling stock and bridges, it in turn has given 
way in parts and members carrying especially high 
stresses to alloy steels of yield strengths from 
50,000 to 200,000 psi., depending upon the type and 
treatment of steel and its application. It is difficult 
to predict where the future will lead in this respect 
(and certainly those engineers of a century ago 
must also have had difficulty in predicting the 
character of today’s constructional materials). 

Dogmatic statements as to “firsts” can always 
lead to controversy, which is not the purpose of 
this paper. 

When, where, or what alloy was first applied 
to the railroads seems to be a matter for conjecture, 
but during the first decade of the 20th century, 
low-alloy steels made their debut. While experi- 
ments were conducted on the addition of nickel 
and chromium to rails, the first alloying element 
to be used in any large tonnage was titanium 
Some 50,000 tons of such alloy-treated rails were 
produced in 1909 alone. 

Vanadium and nickel steels were tried by 
superintendents of motive power during this period 


Wheels of Progress. Alloy steel is largely used in 
axles, rods, frames and bearings in modern locomotives 



































in an imposing number of places. Applications 
included underframe and crosshead castings; forg- 
ings for driving, engine, trailer and truck axles, 
main and side rods, crankpins, piston rods, 
springs, tires and wheels — all, be it noted, places 
requiring the utmost reliability. The use of 
molykdenum followed, not because it was any less 
adaptable or versatile, but because it was not 
readily available until a later date. 

This period of initial application of the several 
elements was attended with all the headaches and 
difficulties of introducing new materials and of 
determining their real worth, and in attempting to 
find out how to apply them correctly. In some of 
the early applications neither the steel companies 
nor other interested corporations knew the details 
of successful fabrication and it was left up to the 
railroad men and shops to seek out these answers. 
This was done and as more experience was 
acquired, some alloys were discarded, other new 
ones were developed, and some compiled a record 
of fine performance and are used today in large 
tonnages. 


The Essential —Rail 


For example, the carbon steel rail “treated” 
with small amounts of titanium and other alloys 
to reduce segregation and improve uniformity 
proved inadequate to meet the constantly increased 
stresses placed on rail steel by increased speeds 


and loads. Several hundred thousand tons otf 


medium-manganese rails (0.60 to 0.70% carbon an) 

1.25 to 1.50% manganese) were bought by sever,) 
important railroads around 1930 and laid in trac} 

where service was especially severe, hoping that jt 
superior wear resistance would pay dividends 

Chromium steel was tried experimentally, but the 
3% chromium made it a very expensive alloy. Th 
possibilities, however, have hardly been touched 

and today we find ourselves in the midst o| 
active research, seeking a rail of more satisfactory 

properties to meet these new conditions. This 

research includes studies of steels containing 

nickel, chromium, molybdenum, and vanadium jy 
various combinations, along with suitable adjus| 

ments of carbon, silicon and manganese, as well as 
possible improvements by heat treatment. Whereas 
broadly speaking, the heavy rail of today, con 
taining 0.70 to 0.80% carbon and 0.70 to 1.00 

manganese, cooled at a controlled slow rate, shows 
upproximate properties of 70,000 psi. yield strength 

135,000 psi. tensile strength, 275 Brinell hardness, 

with relatively low elongation and reduction of area, 

those concerned with this development are seeking 
to approach 145,000 psi. yield strength, 175,000 psi 

tensile strength and substantial increases in elon- 

gation and reduction of area, the latter even to the 

extent of exceeding 60°. Along with this we hop 
to obtain a substantial increase in impact strength 

An interesting manifestation of the progress 
that has already been made in rail steel can b 

found in the Proceedings of the American Railroad 

Engineering Assoc., which shows that during 1933 

and 1934 there was an aver- 

age of 12.7 failures per 

average 100 track miles in 

rails after two years’ serv- 

ice, as compared to an aver- 

age of 3.6 failures per 100 

track miles after two years’ 

service on rails produced in 

1940 and 1941. The reduc- 

tion to one quarter of the 

number of failures presum- 

ably shows progress, but 

unquestionably it is not the 

ultimate goal; doubtless 

this record will be bettered 

by 1950. As is well known 

to readers of Metal Progress 

who have followed the 

series of contributions over 

the last 15 years describing 

the rails investigation at 


the University of Illinois 
(summarized by H. F. 
Moore in ‘Metal Progress 
last June, page 828), the 


The 10-Ton Pioneer, Recently Reconditioned and Rolling Under Its Own Steam 
at Chicago's Railroad Centennial, Pulled the First Train Out of Chicago, Oct. 25, 
1848, on an 8-Mile Run From Canal and Kinzie St. to Harlem (Now Oak 
Park) on the Galena & Chicago Union R.R. (Now Chicago & North Western) 
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researches of today are aided by the advances in 
science and metallurgy and do noi represent the 
result of a mere groping in the dark, as it were, 
which consisted of adding alloying elements to a 
carbon steel to see what possible improvements 
could be made, if any. This new and scientific 
method of attack certainly should accelerate the 
rate of development. 


Firebox and Boiler Steels 


Under the concentrated attack of better work- 
manship, fabricating techniques, water treatment, 
and closer control of operating practice, much has 
been done to extend the life of locomotive fireboxes 
and boilers. Unquestionably these factors have con- 
tributed in no small measure to an improvement 
in life. Notwithstanding, it is interesting to note 
that under conditions as outlined above, plus an 
attempt to obtain as nearly as possible identical 
service conditions, the life of firebox side sheets 
can be lengthened from three to four times that 
of plain carbon steel sheets, by the proper selection 
and use of low-alloy steels. Without talking about 
specific costs, which could only be applicable to 


one road, the extent of indicated savings is appar- 
ent. Moreover, there is being service-tested today 
firebox steel, theoretically sounder than that pro- 
ducing the above results, which, it is hoped, will 
provide even greater increases in life of side sheets. 
Comparative results unfortunately do not exist for 
boiler shells, primarily because of the limited appli- 
cations of low-alloy steels. Nickel steels have been 
used, but other steels containing elements perform- 
ing different functions remain to be tried in actual 
service. Service is the only means we have of 
verifying or disproving what the laboratory results 
of numerous tests indicate to be desirable. For- 
tunately, such steels are on the threshold of trial. 

Springs have undergone evolutionary changes. 
Life of elliptical truck springs, as measured by the 
number of reversals of stress to produce per- 
manent set, has been increased some seven times 
that of the material ordinarily used. Helical truck 
springs have not fared so well; an alloy substan- 
tially better than silico-manganese has not been 
developed, though the search has been made. 
Spring steel for application at sustained, elevated 
temperatures of 950° F. in piston rod packing has 
been developed and successfully used in service. 


Modern Streamliners Use Lightweight Metals and Strong Alloys. Aside from alloy steels in trucks and frame, 


this Illinois Central unit contains much “Cor-Ten”, a copper-nickel-chromium steel promoted by U.S. Steel Corp. 
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Weight Saving Only Part of the Advantages 


Of the various reasons for using low-alloy 
steels, savings in equipment’s weight as a result 
of higher yield strengths— usually about 50% 
greater than the yield of plain carbon steel — is 
one of the most tangible measures of the benefits 
to be obtained and consequently the most fre- 
quently discussed. This is unfortunate, as the 
other reasons may produce savings equally as 
great, but which, being less tangible, are difficult 
to prove conclusively. 

It has, for example, been shown that 10° 
saving in weight on an average locomotive boiler 
could be accomplished by welding, rather than 
riveting the shell, and further that additional sav- 
ings in weight (in the neighborhood of 25%) could 
accrue by the selection of low-alloy steel. This 
saving is apparent, but what is not readily appar- 
ent is the greater boiler operating pressures and 
resultant operating economies, the longer life and 
lower maintenance cost, and the economies in 
fabrication accruing to builder as well as to user. 

Lightweight reciprocating parts constructed 
of low-alloy steels reduce dynamic augment on the 
main driver of a particular class of locomotive 
from 15,400 to 7950 lb. Economies of operation 
and greater speed are two of the advantages in 
favor of this change, but increase in rail life- 
equally important — is difficult to establish. 

Weight saving on rolling stock, which is in 
reality dead weight, reflects directly in increased 
revenue tons. For example, a steel-sheathed 50-ton 
box car weighing approximately 47,000 Ib. when 


constructed of mild carbon steel will weigh in the 
neighborhood of 36,500 Ib. when constructed oj 
low-alloy steels. This difference of 5 tons js 
available for freight. Five tons per car in itsel; 
does not seem significant but if we were to assume 
an average freight train of 80 such cars, the figure 
of 400 revenue tons sounds much more impressive 
A 50-ton hopper car when constructed of plain 
carbon steel will weigh in the neighborhood of 
41,000 lb. This same car when constructed of 
low-alloy steel will weigh approximately 35,000 Ib. 
a saving of 3 tons per hopper car This represents 
a direct operating return. 

If we consider the resistance to atmospheric 
corrosion of many of these low-alloy steels, we 
will find that the maintenance costs are mate- 
rially decreased, because steels in this group will 
last from four to five times as long as carbon steel, 
To say immediately that the maintenance or depre- 
ciation cost is cut to 25 or 17% is of course unjus- 
tified, but very substantial savings are sure. 

In conclusion, as we in the railroad industry 
mark this 75th Anniversary of the use of low- 
alloy steels, we do so with mixed pride and 
anticipation. We have pride in the extent to which 
we have harnessed this science and made it our 
servant. We have a lively anticipation of what 
we may expect in the future, because rapid changes 
in railroading have given us a greater urge to 
search for new constructional materials. Certainly 
we now find ourselves in a much more accelerated 
rate of development and progress than when we 
first exploited the potentialities of alloyed steels. 
This exploitation has been a profitable one; it still 
holds many latent potentialities. .~] 


Hopper Car, With *%-In. Cor-Ten Side Sheets and Y4-In. Bottom, Saves 
3 Tons in Dead Weight. Corrosion rate is about one fifth that of mild steel 
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Alloy Steels, the Farm 


By Muir L. Frey 

Asst. to General Works Manager 
Tractor Plants 

Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 


N THIS Salute to Alloy Steels and Lrons, we pay 

tribute to their outstanding contributions to 
better things for better living in America. While 
this is true in all of the principal fields of steel 
application, it is of particular importance to 
agriculture, where mechanical equipment is used 
daily by over 25 million people who live on the 
6,100,000 farms in America and use over 3,000,000 
tractors together with other millions of power- 
operated implements. In no other field (except 
perhaps that of the.automobile) do the improve- 
ments available from better materials and the 
resulting better engineering design and _ better 
technology of manufacture affect directly the 
lives of so many people. 

Directly they result in easier working condi- 
tions, more leisure hours and a better life for the 
farming 18% of our population. The indirect 
effect is infinitely greater, because it has cast 
America into the role of one of the great humani- 
tarian nations. In all history, no other nation has 
been willing, let alone able, to feed not only its 
own people and its allies in war but its adversaries 
in victory as well. The most important single 
contribution of America today toward peace is 
food, the production of which is directly the result 
of the American farmer’s highly efficient equip- 
ment. This highly efficient equipment is in turn 
the direct result of the combination of good engi- 
neering materials plus the design technique that 
makes full use of them. 

In the early years of this century, the idea 
of using internal combustion engines as a source 
of power on the farm came to many people. By 

(Continued on p. 510) 
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Tractor, 


and the Full Granary 


By Glen C. Riegel 
Chief Metallurgist 
Caterpillar Tractor Co. 
Peoria, Ill. 


R. FREY has adequately presented the favor- 

able situation wherein the American farmer 
finds himself today. The account emphasizes the 
importance of the power-operated implements at 
the farmer’s disposal, and notes that the rapid 
improvement in economic well-being has stemmed 
from the tractor and (to a less but measurable 
extent) to the widespread use of gas and diesel 
engines for sources of power to drive the station- 
ary equipment in the barns, dairies, hammer mills 
and irrigation pumps. 

Alloy steels are much more widely used in 
tractors and engines than in other farm equip- 
ment. It is my impression that this is due to two 
major factors: First is the heritage of the indus- 
try, by which I mean that agricultural units are 
still relatively small —— as they were when a plow, 
a mower, or a rake was drawn by a team of horses. 
Ordinarily, unalloyed iron and steel were found 
good enough to withstand such service, especially 
when the parts were well designed, fabricated 
of proper grades, and adequately heat treated. 
Second, the industry is highly competitive, and 
the drive has been to get the very utmost out of 
the least expensive material, fabricated in the 
most economical manner. Hence, it results that 
when an alloy steel or iron now is placed into 
a modern farm tractor or other piece of farm 
equipment, it is really there because the engineers 
and metallurgists can find no nonalloyed grade 
or type that can serve satisfactorily. 

The Editor has asked me to supplement 
Mr. Frey’s general remarks with some notes on 
two or three specific applications of alloy steels 
in tractors, steels heat treated by advanced meth- 















ods. First let me extend the scope to include alloy 
irons as well, for in their use the tractor industry 
is truly a pioneer. For evidence I quote two items 
from the schedule of metallurgical milestones in 
America since 1917, published in Metal Progress 
for January of this year: 


1918 — Alloy iron castings heat treated and 
installed as tractor parts by Holt Mfg. Co. 

1929 — Hardened alloy iron became com- 
mercial (used for diesel cylinder liners by 
Caterpillar Tractor Co.). 


Alloy Cylinder Liners 


When Caterpillar Tractor Co. first launched 
out on a program of diesel engine manufacture, 
it was concluded, from several years’ research 
prior to 1929, that the performance requirements 
for piston rings would be better fulfilled by heat 
treated alloy iron. The higher hardness and 
higher pressure of such rings aggravated the wear 
of the liner. Hence, a heat treated alloy iron liner 
had to be used. When this change was first made, 
heat treatment of such liners was more or less 
conventional, as follows: 

1. The cast iron had sufficient alloy to harden 
through *4 to 1%4-in. sections when oil quenched. 
The analysis was approximately 1.5% nickel and 
0.80% chromium. Hardness of this iron after 
tempering was Rockwell C-40 to 46. 

2. Bore held to a minimum out-of-roundness 
for subsequent machining by quenching on an 
arbor in oil. 

3. To true up the hardened bore for honing, 
a carbide tool removed 0.020 in. of stock on a side, 
or 0.040 in. in the bore. 

4. The bore was then rough-honed, finish- 
honed, and polished. 

Requirements of Present Method — Since selec- 
tive heating by electrical induction and water 
quenching are now employed, the alloy content 
has been reduced to less than half that formerly 
reuired for oil quenching. Water quenching has 
enabled the final mean hardness to be raised eight 
points on the Rockwell C-scale. In production the 
liners are bored to size for rough honing while soft 
(in the gray iron state). The scanning method of 
induction heating and quenching so minimizes 
distortion that the former boring with a carbide 
tool after heat treatment is eliminated. 

Induction heating affects the bore to a depth 
of about 0.100 in. Finishing of the external sur- 
faces, including precise grooving, is done in 
unhardened material. 

After induction hardening, the liner is 
mechanically stronger than it was as-cast or when 
conventionally heat treated. 


Hardenability Control for Steel Castings 


For some time, tramp alloys in steel castings 
have had to be reckoned with to avoid quench 
cracking in heat treatment, and stress cracking in 
welding. 

Uncontrollable variations in alloys and their 
effect on hardenability can be managed, if they 
are known at the right stage in manufacture. For 
example, final adjustment of the carbon and map- 
ganese can be made in the melt, and thus avoid 
the hazard of exceeding a maximum hardenability 
factor, calculated to a critical diameter or “DI” 
value from the chemical analysis. We make 
rapid analyses of the steel by a spectrographic 
determination of the tramp alloys from a ladle 
test. Calculated hardenability is then verified 
from the hardness pattern under a weld bead 
laid down on the ladle test bar. 

From these determinations, the castings may 
be diverted from water quench to oil quench, if 
the former would appear too hazardous and the 
latter adequate for hardening. Similarly, pre- 
heating or postheating of casting components, 
joined by welding, may be used if the harden- 
ability indices warrant such precautions. 


Annealing of Alloy Steel 


Generally, alloy steel forgings must receive 
preliminary heat treatment to improve machin- 
ability and relieve internal stresses. Our require- 
ments for annealing are very large, amounting to 
over 2,000,000 Ib. of alloy steel forgings per month. 
This tonnage caused us to undertake an investi- 
gation for improving this practice. One of the 
things we wished to avoid was the heavy anneal- 
ing scale, produced in normal atmosphere, which 
has to be removed before machining in order to 
reduce tool costs. 

The following steps were then taken for this 
undertaking: 

1. Constructed coniinuous furnaces capable 
of precisely and automaticaliy performing the sev- 
eral heating and cooling operations required. 
Isothermal treatments usually cut the required 
time to the minimum — for example, from 16 hr. 
to 12 hr. 

2. Provided throughout the furnace suitable 
protective atmospheres to prevent scaling. (Forg- 
ings are received pickled and cleaned from the 
sources.) 

3. Controlled carefully the type of alloy steel 
used, so as to conform to a given cycle of heat 
treatment. 

4. Correlated the desired microstructure and 
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hardness of the annealed forgings with the opti- 
mum rate of metal removal in the machining 
operation. 

We are able to verify the results of our shop 
practices by laboratory tests for machinability 
wherein a precisely ground tool removes metal at 
standard speed and cut. Tool life in seconds is 


250 X (4% picral etch) 1250 x 








checked against weight of metal removed. This 
has shown increases from 250 to 600%, and at 
the same time has provided a superior finish. 
Representative photographs and average data 
from seven test runs are shown on this page. 

Obviously, advanced metallurgy has benefited 
the tractor industry! oe 


Machined Finish, 10 X 





Structure and Finish After Conventional Anneal 


Steel type: 86T45 (“T” meaning “boron treated”) 

Analysis: 0.44 C, 0.91 Mn, 0.35 Si, 0.50 Ni, 0.69 Cr, 0.27 Mn, 0.20 Cu 

Conventional anneal: 1600° F. for 3 hr., slow cool for 12 hr., total 15 hr. 

Isothermal anneal: Normalize 1500° F., hold % hr.; austenize 2 hr. at 1375° F., 
transform at 1180° F. (3 hr.); rapid cool, total 11 hr. 

Machining tests: Standard tool running dry, 0.027-in. cut, 100 ft. per min. 


AVERAGE OF SEVEN 


Steel cut 








(4% picral etch) 


CONVENTIONAL ANNEAL 
Tool life 23 min. 
0.653 cu.in. 


Structure and Finish After Isothermal Anneal 
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ISOTHERMAL ANNEAL 
154 min. 
4.905 cu.in. 





Machined Finish, 10 x 
















A Modern Tractor Pulling Two Gang Plows Each Cutting 16-In. Furrows in 
Virgin Prairie at the Rate of 4 Acres per Hr. (Courtesy Caterpillar Tractor Co.) 


the time World War I was upon us, the additional 
food production coming from this extra power 
contributed materially to the successful termina- 
tion of that conflict, because it enabled the farms 
of America to continue in full-scale operation in 
spite of the loss of manpower to expanding indus- 
try and to the armed forces. 

This experience made both the farmers and 
the manufacturers realize the possibilities of what 
was then a relatively small industry. In the years 
following, the manufacture of tractors and other 
power equipment expanded very rapidly. It 
expanded not only numerically but also engineer- 
ing-wise because — having established a satisfac- 
tory basic design — it was then possible to make 
the many refinements in materials and production 
techniques that characterize the equipment of 
today. It is the development and the use of alloy 
steels and their fabrication and treatment which 
have played a most important part in this 
improvement, because without our modern mate- 
rials — strong, tough and dependable — our effi- 
cient and highly productive farming machines of 
today would never have arrived. 


During World War II, we reaped the full 
benefit of this progress. In the face of manpower 
shortages more severe than were ever experienced 
during World War I, America was again called 
upon to feed many of: our allies in addition to our 
own people. Postwar events are too well known 
to need further comment, except to say that we 
are the food source not only for ourselves but a 
large portion of Europe. This is truly a remark- 
able achievement. 

When we review the important part that alloy 
steels have played in this, we immediately realize 
how much we owe to those pioneers in whose 
minds the concept of a better constructional mate- 
rial first took form. The agricultural implement 
industry was not fortunate enough to be able to 
claim those pioneers, but it was alert enough to 
learn from them. Therefore we can trace directly 
to their influence these remarkable economic and 
humanitarian advances. The industry takes pride 
in joining in the salute to those men who had the 
imagination to dream of better material and the 


ingenuity and will power to make that dream 


come true. 
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° sl many years of painstaking research, a case hardening process 
Wt as ‘ 193 was developed and perfected by Mr. Adolph W. Machlet, President of 
the cm fr Furnace Company. Others call it “dry cyaniding”’, ‘“‘carburize-nitriding”’, 
or any 8 fr. y different names; however, ‘‘Ni-Carb”’ is the name of the original process 
patented in 1935 ent No. 1,995,314*. It is the method of heat treating ferrous parts at 
temperatures raf between 1375° and 1700° F. in an atmosphere of ammonia and car- 
burizing gas w/d 

c 


tortion and sj ch 
perature, t/ime ; ther factors may be varied according to surface and core 


requirements 
Beis 
apon t ors 


Here are a few of **Ni-Carb’s’’ man 






























The actual treatiye by y onatang in the **Ni-Carb”’ atmosphere, 


or by a quench, depend 











ill 1, A tough, hard surface, highly resistan : j6 gg gag process and requires no bath such 
corrosion and oxidation, with no tendency salts, thus eliminating 
exfoliation. dant disadvantages. 







vd 2. Distortion is reduced to a minimum, especially 







Ir where parts are slow cooled in the ‘‘Ni-Carb”’ 

n atmosphere. 

F 3, Can be used on practically any grade of steel, 

a alloy-steels, also on steel castings, cast iron, 1] 
\- and malleable iron. 6. Economy in processing 


*Other patents bearing on this subject are No. 1,921,128, No. 2,021,072 and No. 


For detailed literature covering the 
**Ni-Carb”’ process, send coupon below. 


VISIT A.G.F. AT THE METALS SHOW, BOOTH 1509. 









AMERICAN GAS FURNACE CO. ¢ iiss. | 


Pa Please send detailed literature on the | 
“Ni-Carb” process. 


1002 LAFAYETTE ST. [Name .. 


Title 








Company 


ELIZABETH 4, N. J. I saaven 
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€ Convention Papers 


N THE following pages are 
abstracted the convention papers 
issued as @ Preprints 21 to 44. 
These papers will be presented at 
the last six technical sessions of 
the National Convention, which is 
to be held in Philadelphia, October 
25 to 29, 1948. In the September 
issue of Metal Progress, the remain- 
ing papers, Preprints 1 to 20, were 
abstracted. The complete program 
of technical sessions was published 
in the September issue of Metals 
Review, beginning on page 17. 


Paper 21, Session 6 


The Machinability of 
Free-Machining Steels 


By M. Eugene Merchant 
and Norman Zlatin 


This study establishes or con- 
firms the basic mechanisms — 
related to the geometry and me- 
chanics of chip formation —by 
which each of the following treat- 
ments improves machinability. 

The addition of sulphur, which 
forms sulphide inclusions in steel, 
considerably reduces the coefficient 
of friction between chip and tool 
and sometimes increases the ma- 
chining constant (a property of the 
work material, defined in terms of 
an angle). The presence of sulphur 
does not reduce the shear strength 
nor produce a discontinuous chip. 
The reduced friction and increased 
machining constant are beneficial 
to all aspects of machinability. 
Sulphur is more effective in reduc- 
ing friction in plain carbon steels 
than in stainless steels. 

The addition of lead also greatly 
reduces the coefficient of friction 
between chip and tool. As with 
sulphur, no difference in shear 
strength or in the type of chip is 
noted in comparing a leaded with 
a nonleaded steel. 

The addition of sodium sulphite 
does not appreciably change those 
basic mechanical properties suscep- 
tible to direct measurement. The 
free-machining properties obtained 
by sulphite treatment must, there- 
fore, be attributed to a less abrasive 
microstructure, obtained because 
sodium sulphite fluxes out silicate 
and aluminate inclusions from the 
steel. Because only the abrasiveness 
of a steel is changed by the addi- 
tion of sodium sulphite, only tool 
life is benefited. 

Cold working produces a slight 


increase in the machining constant, 
a decrease in the strain harden- 
ability and an increase in the hard- 
ness. These effects oppose one 
another to some extent in their 
influences on tool life, but all are 
beneficial to surface finish, tool 
forces and power consumption. 


Paper 22, Session 6 


An End-Quenched Bar 
for Deep Hardening Steels 


By Gerrit DeVries 


An end-quench test is described 
that measures the hardenability of 
deep hardening steels. The speci- 
men is similar to the Jominy bar, 
but 6 in. long instead of 4 in. 
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During end-quenching, the upper- 
most 2 in. of the bar is kept at a 
temperature of about 1200°F. in 
order to retard cooling all along 
the bar. The accompanying dia- 
gram shows the small furnace used 
for keeping the top of the bar hot 
while the bottom is being quenched. 

After the bar has been in the 
fixture for an hour, it is taken out 
and immersion-quenched in water. 
Hardness is then measured along 
the bar in the same way as in the 
Jominy test. 


Paper 23, Session 6 


Transverse Mechanical Properties 
in Heat Treated Steel Products 


By Cyril Wells and R. F. Mehi 


Conclusions presented in this 
paper relate to quenched and tem- 
pered wrought steel products — 
tapered solid forgings and tubes — 
varying considerably in size (min- 
imum: 2.5 to 5.5 in. O.D. and 85 in. 
long; maximum: 17 to 25 in. O.D., 
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8.5 in. LD., and 340 in. Jong), 
Carbon contents of the steels range 
from about 0.30 to 0.45% and alloy- 
ing elements from 1.5 to 4.5%. 

Transverse reduction of area 
quality (a distribution of transverse 
reduction of area values that may 
be represented by a frequency 
curve or by an average and a stand. 
ard deviation) varies more within 
solid forgings or tubes than is 
generally recognized. A maximum 
difference among about 250 trans- 
verse reduction of area values for 
specimens taken from a single 
forging is rarely less than 18% (for 
example, 30% min., 48% max.), is 
frequently about 30%, and some- 
times 40% or more. Few deter. 
mined standard deviations are less 
than 3% or more than 8%. 

When yield strength values for 
products quenched to martensite 
and subsequently tempered are 
higher by 5000 psi. in the range 
between 80,000 and 180,000 psi. 
transverse reduction of area values 
are usually lower by about 1.5%. 

A commercial heat treatment 
consisting of normalizing, quench- 
ing to martensite and tempering is 
sufficient to develop a transverse 
reduction of area quality that can- 
not be significantly improved by 
additional heat treatments. 

Increasing the angle between 
longitudinal axis and the direction 
of flow lines in tensile specimens 
from 0 to 30° and from 70 to 90° 
has slight effect on the average of 
reduction of area values for a large 
number of specimens, but increas- 
ing the angle from 30 to 70° 
decreases the average drastically. 
Variation among reduction of area 
values is small when the angle is 
less than 22° but increases rapidly 
and becomes quite large as the 
angle is increased to 54°. Beyond 
54° the variation remains large but 
tends to be smaller. 

The optimum forging ratio is in 
general probably less than 3 to ! 
and in some instances may be less 
than 2 to 1. Optimum forging ratio 
probably increases with ingot size. 

For one product quenched to 
martensite and tempered to a yield 
strength of 160,000 psi., when the 
average of a large number of trans- 
verse reduction of area values is 
increased by 1%, the average of a 
large number of transverse impact 
values for specimens broken at 
70° F. is increased by 1.2 ft-lb. 

Angular fracture is no certain 
criterion for low transverse ductil- 
ity and there is slight justification 
for suspecting the quality of a 
product simply because the specci- 
men has an angular (To p. 514) 
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()° 
of WHEN BUYING INDUSTRIAL HEATING EQUIPMENT 
le a 
- Because Lindberg products and experience cover practically yi pos- 
d sible application of industrial heating, you assure yourself of unbiased 
“ METAL SHOW answers when you call in a Lindberg Engineer. 
is Drop in at the Lindberg Booth (#344) Shall you braze it by the induction or furnace method? 
y during the metal show (Oct. 25-29 Phil- LINDBERG CAN TELL YOU. They build both. 
e edelphia). Lindberg engineers will be Shall you use gas, oil or electricity? 
d eee ee we ie ae. LINDBERG CAN TELL YOU. They build all types. 
t has drop in enyway. You'll see . . . What type of atmosphere is best for your process? 
The Lindberg all purpose controlled LINDBERG CAN TELL YOU. They can supply and apply any of 

ctmesphere furnace fer. . . harden- the many types. 

ing high speed steels and alr harden- When you're buying a BIG furnace, is it more economical to 
: ing steels... brazing . . . sintering. have it constructed entirely in your own plant, or is it better to 


... The Lindberg Continuous Flow 
Vibrating Hearth Furnace with salt 
quench tank for martempering or 
oustempering. 

... The New Lindberg Hi-Life Pot 
Furnace with the famevus 1-Year- 
Gvorantee “Hi-Life” pots. 

























have it factory-built and shipped to your plant in freight-car-size 
sections? 


LINDBERG CAN TELL YOU. They build furnaces both ways. 
Lindberg builds equipment for: 
.-- hardening, tempering, brazing, nitriding 
... induction hardening and brazing, dielectric heating 
.. melting (oil, gas, electric, electric induction, arc) 
. Vitreous enameling. 


LINDBERG ENGINEERING COMPANY 2448 W. Hubbard Street, Chicago 12, Illinois 
LINDBERG Z FURNACES 
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(Cont. from p.512) fracture, espe- 
cially if the transverse reduction of 
area value for that specimen is 
relatively high. 

On the average, heat 
wrought steel products made of 
basic electric steel have better 
transverse ductility than compara- 
ble products made of basic open- 
hearth steel. Sometimes, however, 
this difference is so small as to be 
insignificant. 

Elongated nonmetallic inclusions 


treated 


and the heterogeneous distribution 
of elements in solution are together 
largely responsible for transverse 
ductility of forgings being lower 
than longitudinal ductility. The 
severity of homogenization treat- 
ment required to improve trans- 
verse ductility significantly is so 
drastic as to be impracticable. 

The variation among a large 
number of impact values for speci- 
mens broken at 70°F. and taken 
from a unit quenched to martensite 
and tempered to a given yield 
strength increases with decreasing 
yield strength. 





FULLY AUTOMATIC HEAT TREATING 


SERIES “S* 


Streamline production, lower 


unit costs with the Automatic Ipsen. It’s a 
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HEAT TREATING UNIT 
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complete, compact unit consisting of an 


automatic batch-loading, continuous- 
unloading, atmosphere sealed furnace—mounted directly 
on an automatic unloading quench tank. Simple 
to operate ... easy to install and maintain ... 


runs automatically! Write for facts today. 


kaye. 
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HARDENING 


CARBURIZING 


GAS 
CYANIDING 


INDUSTRIE 


500 WEST STATE STREET, ROCKFORD, ILLINOIS > 
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Transverse impact values for 
specimens broken at 70°F. and 
taken from wrought steel products 
quenched to martensite before tem. 
pering are increased on the average 
by about 3 ft-lb. when yield strength 
is decreased by 5000 psi.; this 
relation appears to be valid over a 
range of yield strength extending 
from 80,000 to 180,000 psi. 

As the angle between the direc. 
tion of the longitudinal axis and 
the direction of flow lines is ip. 
creased from 0 to 90°, impact values 
are decreased. Average values at 
18° intervals for one product 
quenched and tempered to a yield 
strength of 122,000 psi. are 55 (0°), 
53, 47, 37, 35, and 34 ft-lb. (90°), 

The maximum difference among 
a large number of yield strength 
values for specimens from a 
quenched and tempered tube is 
rarely less than 5000 psi., usually 
about 10,000 psi., sometimes 15,000 
psi., and occasionally as high as 
30,000 psi. 

Neither tensile strength nor 
yield strength is changed signifi- 
cantly as the angle between longi- 
tudinal axis and the direction of 
flow lines in specimens is increased 
from 0 to 90°. 

Increasing the rate of loading 
from 2500 to 100,000 psi. per min. 
has no significant effect on yield 
strength measured at 0.01% offset 
nor on transverse reduction of area 
values for specimens taken from a 
product quenched to martensite 
and tempered to a tensile strength 
of 130,000 psi. 

Increasing the size of tensile 
specimens from 0.252 in. diameter 
to 0.505 in. diameter increases 
average yield strength and de- 
creases average transverse reduction 
of area values without significantly 
affecting average tensile strength. 

Specifications based on results 
presented in this paper are much 
more efficient and economical than 
those used previously. 


Paper 24, Session 6 


Residue! Stresses and Micro- 
structure in Hollow Cylinders 


By H. B. Wishart 
and R. K. Potter 


The purpose of the investigation 
was to develop a simple heat treat- 
ment for producing compressive 
stresses in the outer fibers of hol- 
low cylinders 7 in. in diameter 
with a bore 4 in. in diameter, made 
of S.A.E. steels 1020, 1035 and 1049 
Residual stresses were evaluated b) 

(Continued on p. 516) 





for 
ind 
cts 
‘m- 
age 
gth 
his 
ra 


ec- 
ind 


ues 

at 
ict 
eld 
), 
°), 
ong 


gth 


is 
iy 
00 
as 


10r 
ifi- 
gi- 

of 


sed 
ing 


eld 
set 
rea 
la 
site 
gth 


sile 
ter 
Ses 
de- 
ion 
tly 
rth. 
ilts 
ich 
an 


n6 


Jers 


jon 
at: 
ive 
ol- 
ter 
ide 
45. 


by 


. wut 
Hi Sim 
Wt Mr 


i it 

¢) 
iu ays u 
meh, 
wt 


| 


} i | 
+- ———¢-——_++-_—__ + __—__+ - 


' 


Thetis 
Teeeneanel 
Linenanty 


i 
; | 


You can give NICHROME* terrific punishment 
and still get low heat-hour costs! 


Here, for example, is what we mean: These baskets and 
fixtures, used for hardening stainless steel impeller blades 
during heat treating operations, must stay on the job despite 
punishing cycles and high-rate quenching. 


The blades are first annealed, in a pit type furnace, by 
heating them to 1525°F.; then cooled. Then they are hardened, 
by heating them to 1460°F. for half an hour, raising the tem- 
perature to 1825°F. for 10 minutes, and quenching. Finally, 
they are tempered, by reheating to 1300°F. and cooling in 
the furnace. And this goes on continuously. 


Faced with the problem of obtaining heat-treating equip- 
ment that could “stand the gaff” day in and day out, York 
Corporation, of York, Pa., adopted fixtures and baskets of 
Nichrome — designed and cast by Driver-Harris. 


The superb hect ond corrosion-resistant properties of 
Nichrome, assuring long life and dependable service under 
such punishing conditions, have enabled these baskets and 
fixtures to remain in operation for over a year without any 
need for repair. In addition, the lighter construction made 
possible by Nichrome has reduced deadweight — resulting in 
higher heat transfer and less heat consumption. Result: Low 
heat-hour costs. 


If your heat-treating problem is as tough as this one, and 
you would like better results, Nichrome is most probably the 
the right answer; if it is of the “common or garden variety”, 
Nichrome will give you phenomenally more efficient, econom- 
ical and lasting service. 


Nichrome is manufactured only by 


Driver-Harris Company 


HARRISON, 


NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco, Seattle 


*T.M. Reg. U.S. Pat. OF 
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(Continued from p. 514) 
the Sachs method of boring out the 
interior of the cylinder in steps. 
Eleciric strain gages were used, 
and longitudinal, tangential and 

radial stresses were calculated. 
Longitudinal and tangential 
compressive stresses can be pro- 
duced on the outer surface of a 
hollow cylinder by quenching it 
from above the transformation 
range. Cylinders quenched with the 
ends plugged formed a tensile stress 


at the bore, but a compressive 
stress was formed when the cylin- 
ders were quenched with the ends 
open. The magnitude of the stresses 
depends on the tempering tempera- 
ture. Tempering at 800° F. or lower 
changed the stress pattern consid- 
erably but did not change the hard- 
ness. Extensive numerical data on 
residual stresses are tabulated for 
different steels, quenching condi- 
tions and tempering temperatures. 

The formation of an appre- 
ciable amount of martensite at the 
surface of the cylinders during 
water quenching decreased the sur- 
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Improved Foundry Practice 
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Stainless Foundry and Engineer- 
ing Company is making castings 
thought impossible only a few 
months ago. Every new techno- 
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portance opens up new fields for 
Stainless Steel Castings. 


Write for bulletin containing condensed technical 
data useful to engineers and purchasing agents. 


Representatives’ inquiries invited. 
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face compressive stresses when the 
cylinders were tempered, because 
of the volume change that occurs 
when martensite is tempered. 


Paper 25, Session 7 


Resistance to Sensitization 
of Austenitic Cr-Ni Steels 
of 0.03% Max. Carbon Content 


By W. O. Binder, C. M. Brown 
and Russell Franks 


A basic study of low-carbon 
austenitic chromium-nickel steels 
was made in order to determine 
the effects of chromium, nickel, 
carbon, and nitrogen on the 
susceptibility of these steels to 
intergranular corrosion. The com- 
positions investigated ranged from 
16 to 25% Cr, 6.5 to 25% Ni, 0.005 
to 0.05% C, and 0.002 to 0.15% N. 
Additions of up to 3% Mo and 
small amounts of columbium were 
also investigated. 

Complete immunity to _inter- 
granular attack is essential to the 
successful service of steel exposed 
at elevated temperatures for long 
periods of time. This work sub- 
stantiates the viewpoint that car- 
bon must be decreased to 0.02%, 
or less, if the steels are to be com- 
pletely free from susceptibility to 
intergranular attack. The proper 
addition of columbium to steels of 
somewhat higher carbon content 
for complete immunity to _inter- 
granular attack, must allow for the 
solubility of columbium in the steel 
and for its combination with car- 
bon and nitrogen. Complete im- 
munity may be obtained with a 
small addition of columbium if the 
carbon content is about 0.03%. 

Steels subjected to high temper- 
atures only during fabrication 
require somewhat less than the 
complete immunity to intergranular 
corrosion that more extended heat- 
ing demands. Partial immunity has 
been studied from the standpoint 
of the time-temperature-precipita- 
tion charaeteristics of the steels. 
The start of carbide precipitation 
is influenced by chromium, nickel, 
and nitrogen. The effects of com- 
position on the resistance to attack 
after short periods of holding at 
650 and 750° C. (1200 and 1380° F.) 
have been summarized in empirical 
formulas. The study of the time- 
temperature-precipitation relation- 
ship was extended to steels 
containing molybdenum. 

Partial immunity may be ob 
tained in steels of balanced com- 
position when the carbon content 
is not more than about 0.03%. !" 

(Continued on p. 518) 








THE SENSATIONAL NEW 


Sdeo Cowmilal 


“Revolutionary ... incredible ... extremely economical!” 
These are comments from the field as EDCO DOWMETAL 
Bottom Boards are finding greater and greater acceptance in 
progressive foundries. 





Revolutionary .. . in the many advantages feather-light 
magnesium offers over anything previously known in bottom 
boards. Incredible . . . in their greater resistance to heat. Eco- 
nomical ... in their long-lasting durability under usual 
foundry conditions. 


Made of magnesium, these boards will not warp or break. 
There are no nails to come out, nothing to break or split—no 
upkeep! You'll find that they will save you money because 
they give better mechanical results and no other metal or 
wood boards can compare with them in utility and length 
of life. 
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When used as a combination squeerer and 
bottom board, EOCO DOWMETAL magne- 
sium boards give firm, equal distribution 
of pressure, eliminating mold “shifts”, 
“breaks" or “cracks”. They maintain high 
quality of castings and reduce rejects be- 


cause the special grooved and vented de- 
sign permits escape of gosses and insures 
mold stability. 
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. occurs only when specific condi- 

© Convention Papers tions exist: an oxidizing atmos- 

phere and _ severely restricted 

(Continued from p. 516) circulation. The alloys susceptible 

austenitic 18% Cr-Ni steels contain- to this type of attack contain sub- 

ing 2% Mo, partial immunity may stantial amounts of molybdenum 
be obtained with about 0.03% C. and iron. 

The drastic oxidation of these 

alloys is caused by the action of 

Paper 26, Session 7 MoO, as a catalyst. Thermal dis- 

sociation of MoO, accelerates the 

Oxidation of High-Tem rature oxidation, and this dissociation 

Alloys Containing Molybdenum may be the chief cause of the rapid 

By W. C. Leslie and M. G. Fontana destruction of the alloys. The only 

factors that substantially affect the 

It has been found that the rapid rates of oxidation are temperature 

oxidation of 16-25-6 Cr-Ni-Mo and and the concentration of molybde- 

similar alloys at high temperature num oxide or other volatile oxide 





WHEN YOUR H.S.S. TOOLS AND FORM CUTTERS 
ARE HARDENED THE SENTRY WAY 


Sentry High Speed Steel Hardening Furnaces employing 
Sentry Diamond Blocks give full hardness to molybdenum, 
tungsten and cobalt high speed steel cutting tools and high 
resistance to wear and breakage because the neutral atmos- 
phere produced permits thorough soaking at hardening temper- 
atures without danger of surface oxidization or decarburiza- 
tion. Form cutters remain true to size and shape, no grinding 


necessary after hardening. 
Write for bulletin 1054-A 9 


See you at the METAL SHOW, Oct. 25-29. Visit 


our Booth 413 for a demonstration of the Sentry 
Furnace at work. 
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vapors on the surface. The rapig 
oxidation can occur when the only 
source of oxygen is gaseous molyb- 
denum oxide. 

Preliminary investigation shows 
appreciable dissociation of MoO 
at temperatures above 1500°RF. 
(815° C.). In vacuum, the dissocia. 
tion was determined to be at least 
0.7% at 1530°F. (831°C.) and at 
least 6.7% at 1728° F. (941°C.). At 
atmospheric pressure, the dissocia- 
tion is at least 1.24% at 1728°F. 
and 0.6% at 1530° F. 

The oxidation is general, rather 
than intergranular, and the reaction 
takes place at the metal-oxide in- 
terface. Because the oxide is po 
rous, penetration of oxygen inward 
is easy. The spongy oxide has been 
identified as an Fe,O,-type spinel 
plus_a-Fe,0,. Some metal oxides 
that melt at relatively low tempera- 
tures greatly increase the rates of 
oxidation of iron, nickel, chro 
mium, cobalt and their alloys. 
Some of these oxides are Mo0,, 
V.0,;, PbO, Bi,O, and WO,. A sur- 
face carburization takes place be- 
cause of the rapid oxidation. The 
effect of carburization on strength 
is negligible in comparison with 
the effect of decreased cross-sec- 
tional area, which results from the 
rapid oxidation. 

Atmospheric nitrogen has no 
effect on the rapid oxidation, nor 
does nitrogen in 16-25-6 alloy, in 
the range of nitrogen content stud- 
ied. Increasing the chromium con- 
tent of 16-25-6 from 16 to 21% has 
no appreciable effect on the rapid 
destruction of the alloy. 

Nickel plating, chromium plat- 
ing, chromizing, and aluminizing 
are effective in preventing the 
spongy oxidation when no molyb- 
denum oxide vapors are present. 
When these vapors are present, as 
they would be when unprotected 
16-25-6 is being oxidized, none of 
the coatings tested was effective. 
If surface coatings are to be used, 
all molybdenum-bearing alloys 
present must be coated for the pro- 
tection to be effective. 

The rapid destruction of high- 
temperature alloys containing 
molybdenum can be prevented ia 
oxidizing atmospheres by insuring 
appreciable movement of gas across 
all surfaces of the metal. The effect 
of contact surfaces is to inhibit 
circulation and to increase the con- 
centration of molybdenum oxide. 

The microstructure of 16-254 
alloy contains phases of the typ 
M,C’ or M,C’, where M may be iroa, 
nickel, chromium or molybdenum 
and C’ may be carbon or nitroge®. 
Sigma phase does not form ™ 

(Continued on p. 520) 
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j AJAX ELECTRIC st: FURNACE 








3¥a¢ PER POUND SAVING 


-mengeanese steel 
Direct savings 






NEUTRAL HARDENING silicon 
gears without decarburization. 
3c per pound of werk treated. 


arbon alloy steel 
ed in 45 minutes 
sly required and 


CARBURIZING automobile steering gears. .040 in. PROCESS ANNEALING medium ¢ 

case in 2% hours from 2 to 5 times faster than wire. 1200 pound charge anneal 

other carburizing methods. compered with 12 hours previow 
in one-fourth the floor space. 


mis REJECTS ELIMINATED | 








ENING ends of avtemotive velve 
mechanized furnece lines 


80%. 


HARDENING HIGH SPEED CYANIDE HARD 
decarburization or surface imperfections. pusher reds in 2 
creased 3 times ever old method. reduced labor costs 


MARTEMPERING ball bearing races in mechanized STEEL TOOLS. No 
ynit eliminated 5 workers; reduced rejects from 
17% te O%. Distortion reduced from .003 in. te 

need of die quenching. 


com ..-ON 4 HEAT TREATING 
APPLICATIONS OUT OF 5 


Ajax Electric Sal 
t Bath Furn 

tt iainetline on aces offer tremendous ad 

te pata Soe almost every case. This fact ivaneubhtiens conventional 

anized furnaces. And, we ‘oftaa from small batch type ‘piestae ae ~ 

of your materials wads way of further proof, Ajax will s to huge mech- 

92 “ry gladly treat a j 
Wise sua Gee ms er actual shop conditions in the Aj ys a job batch 
ctly what results wi the Ajax Metallurgical Labor: 

and at what cost, before you will be obtained, under what Slee pone 

y- ns 


tien in 


bea 


Get your name on the li 
2 e list to receive T 
periodical that wi e TIPS AND TREND . 
Geltich ad deecteeeten hall tes ese bec teating 
treating ‘‘k pam ach issue is chock-full of : 

g “‘know how”’ written by specialists. Available i a, heat 


. 
JAX ELECTRIC COMPANY, Inc. 











USING 
OUR 
Many fabricators find it of real 
value to order stainless and stain- 
less clad heads from G. O. Carlson, 
Inc. and eliminate the need to place 
orders with two suppliers; one for 
the plate and the other for the 
shape. You save time and money by placing full responsibility with 
one dependable source. G. O. Carlson, Inc. delivers finished heads 
to your required size and bevel specifications, ready to use. 
Carlson stainless and stainless clad heads are produced in a 
wide range of sizes and gauges to ASME and standard specifica- 
tions. A large assortment of dies is available for flanged, flared, 
dished, hemispherical, flanged and dished, and flared and dished 
heads. Special sizes can be spun where practical. 


Your inquiry, together with specifications, will be given our 


prompt attention. 


(7) GARLSON, we 


Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS « BILLETS « BARS e SHEETS (No. 1 Finish) 
Warehouse distributors in principal cities 
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(Continued from p. 518) 
16-25-6, even after 1000 hr. at the 
temperature most favorable for 
formation. 

It may be possible to decrease 
the rate of the oxidation attack on 
16-25-6 while maintaining the ex. 
cellent high-temperature properties 
of the alloy, by decreasing the car. 
bon content to a minimun, 
decreasing the nitrogen and molyb- 
denum contents and increasing the 
chromium content. 


Paper 27, Session 7 


The Stabilization of 
Austenitic Stainless Stee 


By Samuel J. Rosenberg 
and John H. Darr 


Data are presented concerning 
the resistance to intergranular cor- 
rosion of 23 austenitic corrosion 
resisting steels (18% Cr-—10% Ni 
base composition) in 12 different 
initial conditions. Susceptibility to 
intergranular attack was deter- 
mined after seven different sensi- 
tizing treatments followed by a 
maximum of 14 days’ exposure in 
a boiling acidified solution of cop- 
per sulphate. These test conditions 
are considerably more severe than 
those normally used. 

Maximum susceptibility to inter- 
granular attack was developed by 
either 8 or 21 days at 1020°F. 
(550° C.). The commonly used 
sensitizing treatment of 2 hr. at 
1200° F. (650° C.) was ineffective in 
developing susceptibility in any 
but the most vulnerable steels. 

In the steels not containing 
titanium or columbium, the sus- 
ceptibility to intergranular corro- 
sion decreased as the carbon 
content decreased but, with the 
exception of one low-carbon steel 
in the cold rolled condition only, 
even the very low-carbon steels 
(0.025% C) were vulnerable. 

In the columbium-bearing and 
titanium-bearing steels, carbon con- 
tent within the range 0.06 to 0.13% 
had no influence on the resistance 
to intergranular attack except as it 
influenced the Cb/C or Ti/C ratios. 
Steels having similar ratios of 
stabilizing element to carbon had 
approximately the same _ suscepti- 
bility to intergranular attack. 

Both the columbium-treated and 
titanium-treated steels had greater 
resistance to intergranular attack 
as cold rolled or as annealed 

(Continued on p. 522) 
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formed and flared. It is resistant to corrosion by sulphur- 


. is ideal for pneumatic and hydraulic machinery con- 
ing , ‘ 
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rro- \ broad range of diameters and wall thicknesses are 


trols, fuel, and air lines. It cannot cause oil sludging. 
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eels . 4 num Tubing, its economic advantages, and applications 


alloys for severe vibration applications. 


For information about the availability of Aleoa Alumi- 
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pure heading for 
fower COS —— 


with Ampcoloy 49...the 
new cold heading rod and wire 


»... This new aluminum bronze alloy 
combines ductility for cold heading and 
high strength-weight ratio for economy 


ERE’S the first real answer 

to your demand for an 
aluminum bronze suitable for cold head- 
ing — Ampcoloy 49. It is alloyed spe- 
cifically to provide the ductility that cold 
heading requires. Light in weight and 
strong, as are all aluminum bronzes, 
Ampcoloy 49 is still further improved 
by cold working. 

You can get Ampcoloy 49 as extruded 
solid rod in diameters up to 3”, or in 
100-pound coils of cold-heading wire, 
sizes from .125 to .420 gauge. 


Use Ampcoloy 49 for economical cold- 
heading production of bolts, rivets, 
screws, and similar fastenings. Take ad- 
vantage of its excellent spring character- 
istics, its corrosion resistance, and its 
weldability. It can be cold-coined, cold- 
forged — and annealed, if it is desirable 
to change its physical properties. And in 
every application, you have the advantage 
of the clean, sound grain structure and 
close tolerances delivered by the extrusion 
process. For complete information on 
Ampcoloy 49, write for Bulletin 88. 


Ampco Metal, Inc. 
Dept. MP-10, Milwaukee 4, Wis. 
Field Offices in Principal Cities 


safety tools 


Fabricated 
assemblies’ 


Corrosion- 
resistant pumps 


Speciclists in en- 
gineering, produc- 
tien, finishing of 
copper-base alloy 


parts end products. 
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(Continued from p. 520) 
1800° FF. (980°C.) and water. 
quenched than as annealed at 
1800° F. and air-cooled, or as an- 
nealed at 1975°F. (1080°C.) and 
either water-quenched or air- 
cooled. 

Stabilizing heat treatments at 
1600° F. (870° C.) had a negligible 
effect on the resistance to 
intergranular corrosion of the 
columbium-treated steels. The per- 
formance of the _ titanium-treated 
steels with the higher ratios of 
Ti/C, however, was markedly im- 
proved by such treatments. Varia- 
tion in the duration of the 
stabilizing treatment from % to 2 
hr. had no effect. 

Substantially complete immu- 
nity to intergranular attack may be 
obtained with a minimum ratio of 
Cb/C=10 and Ti/C=5, when the 
steels have been treated properly. 
For more nearly complete immu- 
nity, the author believes these 
ratios should be 12 and 8, 
respectively. 


Paper 28, Session 7 


Delta Ferrite and Sigma 
in a Heat Resisting Stee! 


By J. J. Gilman, P. K. Koh 
and Otto Zmeskal 


The wrought steel studied, 
known as 19-9DL, had the follow- 
ing composition: 0.27% C, 18.8% 
Cr, 9.6% Ni, 1.3% Mo, 14% W, 
0.5% Cb, 0.3% Ti, 1.2% Mn, 0.7% Si. 

Delta ferrite was formed in in- 
creasing amounts as the solution 
temperature was raised from 2200 
to 2400° F. 

Aging the solution-treated steel 
at temperatures between 1200 and 
1600° F. caused the precipitation 
of carbide and sigma, and the 
transformation of ferrite to austen- 
ite. Sigma forms from austenite as 
well as from ferrite. The presence 
of ferrite in the initial structure 
accelerates the formation of sigma. 
Cold work accelerates the forma- 
tion of sigma more than does fer- 
rite in the initial structure. 


Paper 29, Session 8 


Indium-Bismuth Phase Diagram 


By E. A. Peretti 
and S. C. Carapella, Jr. 


The indium-bismuth system was 
investigated by thermal, X-ray, and 
metallographic analysis, using 6° 

(Continued on p. 524) 
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3 ‘ways photography shows 
the behavior of materials under stress 





























1. Photographic trace recording to study the 

behavior of materials under dynamic stress con- 

ditions . . . Using bonded wire strain gages coupled to 

oscillographs, this technic makes it possible to record and 

measure changes in stress during rapidly applied loadings. 

This trace recording shows strains at three points along a 
shouldered bar under longitudinal impact. 


a, Photoelastic stress analysis to study the 
behavior of materials under static or dynamic 
stress conditions . . . Using polarized light sent through 
plastic models of the part under test, this technic enables 
the design engineer to evaluate stress concentration factors 
and obtain a precise knowledge of actual peak stresses 
prevailing. This photoelastic stress pattern shows 
regions of high stress in meshing gears. 








Photo-grids to study the behavior of materials 

under tensile stress conditions . . . Using the Kodak 
Transfax Process, involving a Kodak light-sensitive 
material, as many as 200 accurately spaced lines per 
inch may be photoprinted on the material itself. After 
deformation, measurement of these lines will reveal 
distribution of plastic flow. This photograph shows 
photo-grids on a flat tensile specimen after 
elongation. 





Whatever you do with photography, there’s a Kodak 


material for the job. For trace recording, Kodak Lina- 
graph Papers and Films come in 8,618 different combina- 
tions of specifications. For photoelastic stress analysis, 
you use Kodak Super Panchro-Press Plates when light 
levels are low or Kodak Process Panchromatic Plates when 
you’re after high contrast and extreme resolution. And FUNCTION AL 


if you want to put a detailed, tight-clinging pattern on 


metal, you do it with Kodak Transfax. PHOTOGRAPHY 


To answer your questions on selection and handling of 
all Kodak materials, feel free to write us. ...is advancing 


Eastman Kodak Company, Rochester 4, N. Y. industrial technics 
“Kodak” is a trade-mark i 
_~ Kodak | 












CQUIPMENT 


INSURES AGAINST PLANT SHUTDOWNS 
DUE TO WINTER FUEL SHORTAGES! 


Present demand dictates 
el a limit on deliveries for 
installation this fall. 


@ During the winter season of 1947, ‘Surface’ 
installed oil standby equipment in a total of 159 
furnaces —1100 burners, of ‘Surface’ design, 
which operated almost daily in one instance for 
a 58-day period. 61 users enthusiastically recom- 
mend this equipment to insure constant plant 
operation— maintain production—build employee 
relations and create customer goodwill. 





ACT QUICKLY!—the demand for this 
new oil standby equipment is rapidly ab- 
sorbing available production facilities. 
EASY TO INSTALL — change over from one 
fuel to the other is a matter of seconds for 
most installations. 


SURFACE COMBUSTION CORPORATION 
TOLEDO 1, OHIO 











INDUSTRIAL BURNERS 
AND FURNACES 


ATTACH THIS COUPON TO YOUR LETTERHEAD AND MAIL 


[(_] RUSH 8-page bulletin giving specifications and engineering details. 


[_] Glad to have your engineer determine our requirements. 
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alloys. Thermal data are in syb. 
stantial agreement with those ob. 
tained in a recent investigation by 
Henry and Badwick. The presence 
of a eutectic at 66.3% In and 
72.1° C. has been confirmed. There 
are two intermediate phases, 8 and 
y, corresponding to In,Bi and InBi, 
respectively. A peritectic reaction. 
y + liquid 6, at 89.0° C. has been 
detected, which is not in agreemen} 
with the eutectic proposed by 
Henry and Badwick in this region. 
Between the y phase and pure bis- 
muth, a eutectic was established at 
33.0% In, which is in agreement 
with the revised diagram of the 
previous investigators. For the first 
time, the complete course of the 
solidus and the limits of solid sol- 
ubility of bismuth in indium (q) 
have been determined (20.5% Bi 
at 72.1°C. and 7.1% Bi at room 
temperature). The other phases 
have narrow ranges of homo- 
geneity. 


Paper 30, Session 8 


The Manganese-Zinc Phase 
Diagram From 0 to 50% Zn 


By E. V. Potter 
and R. W. Huber 


The manganese-zinc system 
from 0 to 50% was investigated by 
X-ray and thermal analysis, using 
alloys prepared from powders by 
sintering. 

In addition to solid solutions 
based on the four allotropic forms 
of manganese, two other single- 
phase fields (B and e€) occur 
between 0 and 50% Zn in the 
manganese-zinc system. 

The a-Mn phase, existing below 
705°C. in pure manganese, dis- 
solves 2% Zn. The B-Mn phase, ex- 
isting in pure manganese between 
705 and 1100°C., dissolves up to 
20% Zn. The y-Mn phase, existing 
between 1100 and 1138° C. in pure 
manganese, dissolves about 40% Zn 
This phase is face-centered tetrag 
onal with an axial ratio of 0.938 at 
100% Mn, and gradually becomes 
more nearly cubic as zinc is added. 
With 23% Zn, or more, the struc- 
ture is cubic. The y-Mn phase de- 
composes eutectoidally at 554°C. 
forming B-Mn and ¢; the eutectoid 
composition is 39% Zn. The 5-Mo 
phase exists from 1138 to 1245°C 
in pure manganese. The structure 
of §-Mn is unknown. 

(Continued on p. 526) 
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Columbus Steel Treating Company 
of Columbus, Ohio, uses its 20 kw heater 
for many different operations. Here, se- 
lective hardening of portion of steel bar is 
completed in 25 seconds. Job shops like 
this the country over are using Allis- 
Chalmers induction heaters to cut unit 
costs, increase product quality. 


of production line 


National Enameling & Stamping 
Company, manufacturer of famous 
NESCO housewares, has found its 20 kw 
Allis-Chalmers induction heater indispen- 
sable in processing many of its products. 
Resulting production rates are as high as 
200 to 300 an hour, depending on the size 
of the product. 


IDELY VARYING OPERATIONS like Colum- 
bus Steel and NESCO prove the versatility 
of Allis-Chalmers induction heaters. 

The A-C heater is versatile because its output 
circuit has been designed to eliminate additional 
expensive output transformers or capacitors to 
match the impedance of different work coils, That 
means you can design and match the work coils 
you need for your application. 

It's easy to operate, too, All timing and control 
is automatic. As a result, unskilled workers can 
handle complex soldering, brazing, heat treating 
jobs by simply pressing a button. 

The Allis-Chalmers line of industrial electronic 


ALLIS-CHALMERS 


1-2-10-15-20-50-75-100-200 KW INDUCTION HEATERS 











devicesalso includes dielectric heaters and metal de- 
tectors. To see how they might fit into your plans, 
call your nearby A-C office or mail this coupon. 


ALLIS-CHALMERS MFG. CO. $31 
1036A $. 70th St., Milwaukee 1, Wis. 
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MANUFACTURED ONLY BY 


Here’s the low temperature silver 
brazing alloy for real production. With 
exceptional fast flowing properties ot 
low temperature (liquidus 119.5°F) it pene- 
trates deeply and makes strong, leak- 
tight joints on both ferrous and non- 
ferrous metals. Economical too — only 
45% silver. 


APW 217 is the PREFERRED brazing 
alloy for tough production jobs through- 
out the refrigeration, air conditioning, 
automotive and appliance industries. If 
you haven't tried APW 217, write today 
for our descriptive folder #45 and let 
us have your requirements. 


We'll be glad to quote without obli- 
gation on any quantity, any size, wire, 
sheet, strip, rings or washers. 
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The 6 intermediate phase exist; 
in a restricted field near 45% Zp 
and between 1000 and 650°C. |}; 
forms by a peritectic reaction near 
1000° C. from y-Mn and liquid, and 
decomposes by a eutectoid reaction 
at 650°C., forming y-Mn and ¢ 
It has a body-centered cubic crys. 
tal. structure identical with th: 
structure of the 6 phase in the 
copper-zinc system. 

The ¢ phase has an extensive 
field, from 46 to about 90% Zn and 
between 835 and 250°C. It is 
formed by a peritectic reaction at 
835° C. from B and liquid, and de. 
composes al low temperatures. The 
e phase has a close-packed hexag. 
onal structure and corresponds 
closely to the ¢ phase in the copper 
zinc system. 


Paper 31, Session & 


Hardening and Recrystallization 
in 60 Cu-— 20 Ni-20 Mn Alloy 


By C. H. Samans, C. C. Brayton, 
H. L. Drake and L. Litchfield 


Using the Chevenard differentia! 
method, dilatometric studies wert 
made at temperatures up to 800°C. 
(1475° F.) on specimens of 60-20-20 
Cu-Ni-Mn alloy after various ther- 
mal and mechanical treatments. 
The discontinuities found in curves 
of instantaneous coefficient of ther- 
mal expansion versus temperature 
were investigated further by meas- 
urements of electrical resistance 
at temperatures up to 620°C. 
(1150° F.), and by measurements 
of Rockwell C hardness after the 
specimens had been heated for con- 
stant short times over the entire 
range of temperatures or for vary- 
ing times at several constant tem- 
peratures. Metallographic evidence 
also is presented. 

These discontinuities are 
explained satisfactorily on the as 
sumption of the successive forma 
tion in the stable solid solution, 
with increasing temperature, of 
(a) a low-temperature, ordered 
face-centered tetragonal structure, 
the most compact; (b) an ortho 
rhombic structure, somewhat less 
compact; and (c) a high-temper@ 
ture, disordered solid solution, all 
of copper in MnNi. The hardening 
is attributed to the effect of the 
face-centered tetragonal structure, 
and the minimum conductivity 4 
attributed to a balance between the 
orthorhombic structure and the 

(Continued on p. 528) 





exists 
Yo Zn 
» It 
near 
» and 
Ction 
id é. 
Crys- 
the 

the 





nsive 

and 

It is 

nm at 

1 de- 

The 

*Xag- 

nds 

per 
Here at Moraine Products, we regard 
powder metallurgy as the province of 
practical manufacturing and good 
engineering—and not of magicians. 
We don’t pretend to be able to just 
wave a wand and pull an intricately 
shaped cam or gear out of a hat. 


Our recommendations on the appli- 
cability of metal powder to a parts 
problem are based on long years of 
metallurgical research and production 
experience. 


That’s why we tell you that some parts 
are practical for powder metallurgy— 
and some are not. Metal powder parts 
have a place in production only if they 
fulfill these conditions: (1) The shape 
permits good die fill and density; (2) 
the order is sufficiently large to amor- 
tize tooling costs; (3) the physical 
properties and tolerances required are 
within the range attainable in normal 
production. 


And Moraine Products must be con- 
vinced that powder metallurgy offers 
otherwise unobtainable advantages in 
price, properties and performance 
before we start production on a metal 
powder part. 


MORAINE PRODUCTS 


DIVISION OF 


GENERAL MOTORS 


DAYTON, OHIO 


< SS 
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REAT TRAIL... 


Holcroft furnace for carbo-nit- 
riding bulk-loaded automotive 
parts. Has automatic quench 
and draw. 


A SUPERIOR CASE-HARDENING PROCESS 


Developed by Hoterept 


ARBO-NITRIDING provides a “‘gas cyanided’’ case by 
heating the work in a controlled atmosphere composed of 
generator gas, hydrocarbon gas and ammonia. This Holcroft 
process uses continuous-type furnaces such as the unit shown 
above, and offers these advantages: 


1 Low operating cost—often as low as one-fourth 
that of liquid cyaniding. 


2 Superior wear resistance—greater than with 
carburizing. 


3 Greater depth of hardenable case obtained per 
unit of time than by carburizing at the same 
temperature. 


4 Minimum distortion through low-temperature 
operation and slow cooling when required. 


5 Applicable to both plain carbon and alloy steels. 


Although the theory behind carbo-nitriding is mentioned in a 
patent issued in 1883, it was not applied to high-production 
furnaces until rediscovered independently by Holcroft & 
Company in 1936. The first furnaces of this type, built 11 years 
ago, are still in operation; and many other production furnaces 
installed since then have further proven the merits of this 


process. 


The Holcroft engineering leadership which developed 
carbo-nitriding is available to serve you—offering the 
advanced features and specialized design which assure 
better results at lower cost in heat treat work of every kind. 
We invite your inquiries. 


6545 EPWORTH BiVD. DETROIT 10, MICHIGAN 
CHICAGO 3 CANADA HOUSTON 1 
C,H. MARTIN. A.A ENGELHARDT WALKER METAL PRODUCTS. LTD RE MCARDLE 
1017 PEOPLES GAS BLOG. WALKERVILLE. ONTARIO S724 NAVIGATION BLVO 
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concentration change in the solid 
solution. Cold work decreases the 
tendency toward ordering and 
thus causes the hardening to take 
place at a higher temperature than 
in the unworked alloy, after recoy- 
ery has removed some of the effects 
of the deformation. The tempera. 
ture of most rapid recrystallization 
is about 525°C. (980° F.) and fol- 
lows, at least approximately, the 
temperature of disordering or 
re-solution. 


Paper 32, Session 8 


Beta Laminations 
in Cartridge Brass 


By R. L. Dowdell, C. A. Nagler, 
M. E. Fine, H. P. Klug and 6. Bitsianes 


When cartridge brass, contain- 
ing between 30 and 33% Zn, is cast 
into commercial cakes in water 
cooled molds, there is some segre- 
gation of zinc. The central portion 
of the cake contains a cored struc- 
ture of alpha brass and segregated 
beta brass, which is the last to 
freeze. In the customary rolling 
practice, any residual beta present 
may be banded in the central por 
tion of the strip. 

The beta phase contained in the 
alpha strip brass for caliber .50 
cartridge cases may be dissolved 
by annealing at 600°C. (1110° F.); 
however, there is a strong tendency 
for a mixed grain size. There is 
usually a finer grain size in the 
central areas formerly containing 
beta than in the outside areas, and 
evidence indicates there is a com- 
position gradient that inhibits grain 
growth during the annealing that 
precedes any cupping or other 
forming operation. 

In order to avoid “phantom” 
laminations, it is recommended 
that beta be eliminated by a longer 
soaking or annealing period for 
homogenization before the cakes 
are rolled into strip. 

Brass cakes with zinc 2% above 
normal, containing relatively large 
amounts of beta, were soaked al 
825° C. (1515° F.), and after 4 hr. 
the residual beta was completely 
dissolved. This high temperature 
of soaking is not recommended as 
the only remedy because there are 
many other combinations of time 
and temperature that will remove 
beta and homogenize the alloy 
before it is rolled. 

(Continued on p. 530) 
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Won't be long now—another 200-Ib. cruci- 

‘ol- ble of high-tin bronze is about ready to pour 

Re from this induction furnace—one of eight 


” Ajax-Northrup units producing up to 17 tons 
every eight hours in this modern foundry. 
Every heat is ‘on the button” with uniform, 
he perfect composition—due to rapid 22-min- 
ute melting, close electrical control, electro- 
magnetic stirring, and freedom from oxida- 
tion or contamination. 

Famed for precision and economy with 
brass, bronze and other non-ferrous metals, 
n- the coil of this furnace fits around a No. 70 
crucible, generates heat right in the charge. 
The furnace never wastes time—while you're 
on pouring and recharging one crucible, it's 
c- melting down in another. 

a Larger furnaces below are tilting units for 
either non-ferrous or ferrous metals. Each 
at melts 650 Ibs. of red brass in 25 minutes 
r with 250-kw. or in 36 minutes with 175-kw. 
power service. Can be relined quickly for 
any change-over in alloys. This set-up also 
d includes lift-coil furnace for handling small 


); jobs. 
) Smaller furnaces down to a few ounces 
Is with new trouble-free spark-gap converter 


power, special furnaces for vacuum casting, 
d centrifugal casting, carbides, etc., and big 
- production furnaces up to 8 tons of steel are 
n also available. 

. Interested? Why not talk it over with 
friends who already use Ajax-Northrup fur- 
naces? Or talk it over with us any time. Start 
today by sending for free bulletins, 


SEE AJAX AT METAL SHOW BOOTH 645 










AJAX ELECTROTHERMIC CORPORATION 
AJAK PARK, TRENTON 5, N. 4 
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DEPENDABLE PRODUCT 


MAXIMUM FLEXIBIL- 
ITY of heating rate .. . 
soaking period . . . product 
travel . . . and size, shape 
and weight of product! 


Step-by-step control 
through multi-zone con- 
struction with separate 
heaters, fans and controls 
for each zone. 


Mechanized conveyor and 
fully automatic control 
throughout. Forced con- 
vection heating recircu- 
lated for maximum heating 
rate and uniformity. Gas 
or oil fuel. 


HARDENS— DRAWS— 
STRESS-RELIEVES mixed 
products of variable sizes, 
weights and shapes with 


uniform results. 


AUTOMATICALLY fol- 
lows pre-determined heat- 


10 points in furnace. 


SELF-CONTAINED car 
drive—Super-duty recircu- 
lating fans. Gas or oil fired. 


ing, soaking, cooling cycle. 


UNIFORM TEMPER. 
ATURE CONTROL 
lengthwise of furnace—ac- 
curately checked at up to 


HAGAN 


CONTROL 


= AUTOMATIC MOVE. 


MENT of product through 
Hardenin Furnace—Au- 
tomatic Quench—Draw 
Furnace! 


HANDLES irregular sizes, 
shapes, weights simultane- 
ously or in sequence . . 
with uniform results. 


For gas, oil or electricity 
Requires only a two-man 
crew! Alloy carriers are 
not quenched. 


COMPANY 
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When beta dissolves in alpha 
no voids are formed, and if cakes 
are homogenized there will be no 
difficulty from the harmful effects 
of phantom laminations. 


Paper 33, Session 9 
Aging in Gas Turbine Alloy; 


By Nicholas J. Grant 
and Joseph R. Lane 


The aging characteristics of 
four cast high-temperature alloys 
were investigated. Included were 
low-carbon Vitallium (0.25% C, 6% 
Mo, 23% Cr, 68% Co), modified 
high-carbon Vitallium (1.1% C, 6% 
Mo, 23% Cr, 2% Ta, 67% Co), the 
alloy designated 6059 (0.45% C, 
6% Mo, 26% Cr, 32% Ni, 33% Co) 
and a slight modification of Multi- 
met N-155 (1% C, 3% Mo, 2.2% W, 
2% Ta, 20% Cr, 30% Ni, 20% Co, 
20% Fe). Aging was studied by 
X-ray diffraction, stress-rupture 
testing, microscopic examination 
dilatometer, magnetometer, and by 
measurements of electrical resis- 
tivity. 

Perhaps one of the more sur- 
prising results of this investigation 
was the discovery that alloys dif- 
fering so widely in composition 
behaved so much alike. The carbon 
content ranged from 0.25 to 1.1%, 
cobalt from 20 to 68%, and iron 
from impurity amounts to 20%. Yet 
the temperatures for an aging pre- 
cipitate to form and to go back 
into solution were nearly identical 
in the four alloys. The first definite 
precipitation was noticed in all 
four alloys at about 1350°F 
(730° C.). The maximum amount 
of aging was at 1550 to 1600°F. 
(845 to 870°C.) in the two low- 
carbon alloys, and at 1600 to 
1700° F. (870 to 925°C.) in the 
high-carben alloys. In all alloys, 
agglomeration of the precipitate 
began at around 1700° F. (925°C.). 
and between 2100 and 2200°F. 
(1150 and 1205° C.) virtually all of 
the precipitate had been redis- 
solved. The carbides were observed 
to have a melting point slightly 
lower than the rest of the alloy. 

It was found that the additional 
strength imparted to an alloy by 
aging was important only if the 
metal did not already contain 4 
nearly continuous carbide network. 
The presence of such a network 
depends not only on the carbon 

(Continued on p. 532) 
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A LEADING NAME 
IN BRASS AND Since 1915 
BRONZE PRODUCTS 


@ Brass and Bronze Free Turning Rods 

@ Brass and Bronze Forging Rods 

@ Brass and Bronze Corrosion Resistant Rods 
@ Bronze Welding Rods 

@ Extruded Brass Shapes 


@ Brass and Bronze Forgings 
(up to 100 lbs. in weight) 


@ Brass Pressure Die Castings 











2ualilyg Alloys - 


BY BRASS SPECIALISTS 


GENERAL OFFICES AND PLANTS: BELLEFONTE, PA. 


ROD MILL DEPOTS: BELLEFONTE. PA.—INDIANAPOLIS. IND. 
EXPORT OFFICE: 70 PINE STREET. NEW YORK 5, NEW YORK 


OFFICES and AGENCIES IN PRINCIPAL CITIES 
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ED PETROLEUR 


WARREN’S CROSSVILLE, ILLINOIS, PLANT 


WARREN PETROLEUM CORPORATION 


TULSA, OKLAHOMA 














CALIF., Hollywood 28—Lioyd J. 
Vine St. Phone Granite 8367 
ay 4 Indianapolis 20—C. L. Robertson, 6108 College 

Phone Glendale 0583 

uene. Brookline 46—Harry I 
St. Phone Longwood 6-8093 

MICH., Detroit 4—C. C. 
Phone Tyler 5-3338 

MINN., St. Paul 4—A. A. Gustafson, 
sity ‘Ave. 

N. J., Trenton—Edward Gainsborg, Trenton Trust 
Bidg. Phone Trenton 53-8018 

N. Y., Buffalo 3—George C. Kratzer, 
8q. ‘Bids. Phone Cleveland 8274 

N. Y., New York City—R. B. Steele 
St. Phone Longacre 55296 

N. Y., Syracuse 2—J. R. Stewart Co., Inc., 
versity Bldg. Phone 2-9271 


Bohan, 1680 N 


Dixon, 1199 Beacon 
Miller, 8186 Livernols Ave. 


2580 Univer- 


712 Ellicott 
254 W. Sist 


918 Uni- 


CARBURITING Basa eextuRres 
Boxes 


4817 W. Cortland St. 


YOUR STANWOOD 
SALES REPRESENTATIVE 


hue Calin ~\Gttteae—Tengs 


Ask for the Stanwood man to show you how to speed up and improve operations at the lowest cost. 


OHIO, Cleveland 3—J. W 
Mer., 


oOH'O, 
Ave. 


OHI0, 


Mgr., 
PENN., 


nut 


PENN., 


ment 


TENN., 
Bidg. 


TEXAS, Houston 2—B. F 
Bldg. 


wis., 


waukee St. 


TRayvs 


Milwaukee 2 


Mull, Jr., J. H. Armstrong, 
Phone Henderson 6113 


2415 Fairmont 


6007 Euclid Ave 


Dayton 9—Harold L. Rogge, 


Phone Walnut 4303 


Toledo 4—J. W. Mull, Jr., Arthur P. Laney. 
1300 Toledo Trust Bidg. Phone Garfield 8017 


7 2—J. P. Clark, -- 1420 Chest- 
t. Phone Rittenhouse 6-851 


Pittsburgh—-Harold G 
Bidg. Phone Grant 5682 


Memphis 2—Eugene 8 
Phone 8-3712 


Sands, 820 Invest 


Craig, 520 Falls 


Coombs, 309 O11 & Gas 
Phone Preston 0688 


Robert M. Onan, 
Phone Broadway 2-5285 


759 N. Mil- 


QUENCH TANKS ecroars 


—_— a 
We 


Chicago 39, 
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content, but also on the amount of 
carbide-forming elements, such as 
tantalum, columbium, molybdenum. 
and tungsten. 

The strength of the N-155 type 
of alloy, compared with other al.- 
loys, does not drop off so greatly 
when the temperature, and espe. 
cially when the time, is increased. 
This observation can be correlated 
with the results of the aging tests. 


Paper 34, Session 9 


Nickel-Base Alloys for 
High-Temperature Applications 


By A. G. Guy 


The object of this work was the 
development of a nickel-base alloy 
having superior rupture strength at 
1500° F. (815° C.). 

The alloys contained 3 to 9% 
Al, 0 to 15% Mo, 4 to 20% Cr, 
0.5% B, 2% Cb, 4.5% Fe, 0.5% Si, 
0.5% Mn, the rest Ni. 

A number of the alloys have 
higher rupture strength at 1500°F. 
than the best of the cobalt-base al- 
loys now in use. The nickel-base 
alloys have also excellent oxidation 
resistance and moderate fatigue 
strength. Although, compared with 
cobalt-base materials, these alloys 
have low elongation and impact 
resistance, it is probable that they 
are suitable for many industrial 
applications. 


Paper 35, Session 9 


Short-Time High-Temperature 
eformation Characteristics 
of Several Sheet Alloys 


By James Miller 
and Glen Guarnieri 


From skort-time constant-rate 
tensile tests at elevated tempera- 
tures, true stress—true strain 
characteristics have been deter- 
mined for five different types of al- 
loy over a range of temperatures 
and strain rates. The alloys were 
selected to include S.A.E. 1020 steel 
as a reference material; Inconel 
(78% Ni, 14% Cr, 7% Fe) to repre- 
sent a comparatively stable, a0- 
nealed material; Inconel “X” 
(73% Ni. 15% Cr, 7% Fe, 2.5% li, 
1% Cb, 0.6% Al), a fully aged alloy; 
and S-816 (44% Co, 20% Ni, - 
Cr, 4% W, 4% Mo, 4% Cb, 3% F 

(Continued on p. 534) 








ELECTRONIC HEATERS ON THE JOB: HARDENING PINIONS 































it of 
1 as 
jum, 


ype { 
: NINE ¥ 
FS qguetion 3 


ng 
for 
ons 
the H 
loy BIG DIVIDENDS are being | 
} al realized with a G-E 20-kw electronic 
” induction heater at the Ajax Flexible 
Cr, Coupling Company, Westfield, N. Y. 
Si, With one G-E electronic heater, 
this company now hardens the pinion 
og cut on a shaft in a single operation. 
rs Formerly, two salt baths, quench 
al- ae : 
—. tank, and a stress-relieving oil bath 
on were required. Time - consuming 
ue handling operations have been elimi- 
ith nated; expensive machining opera- 
vs . . 
ret tions have been reduced. Working Also, the G-E electronic heater has greatly 
ey conditions have been greatly im- improved the quality of pinion shafts manu- 
ial proved. factured by this company. Shaft warpage has 
What was formerly a half-month’s been completely eliminated. Gear-tooth dis- 
production is now accomplished in _ tortion has been minimized, making a much 
9 one day with theG-E electronic heater. quieter running gear. 
Cost savings of $.25 per pinion have Net result: more and better products at 
re been realized. lower cost with induction heat. 
cs 
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YOUR PRODUCT AND INDUCTION HEATING 


Whether your product involves brazing, soldering, hardening, or 





annealing, be sure to get in touch with the Heating Specialist in the 
nearest G-E Office. His suggestions are very likely to result in higher 
production, lower cost, and better products, as they have for many 
other manufacturers. In the meantime, send for free bulletin GES-3290, 
“The How and What of Electronic Induction Heating.” Sect. 675-179, 
Apparatus Department, General Electric Company, Schenectady 5, N.Y. 
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Uniformly Better Results 
in Heat Treating... 


@ Using the NIAGARA AERO HEAT EXCHANGER to cool 
quenching bath solutions returns the cost of the equipment 
quickly and gives a bonus in fewer troubles for the heat treat- 
ing superintendent. 

Controlling the temperature of the quench means a uniform 
product...fewer rejections. Ample cooling capacity independ- 
ent of water supply eliminates shut-downs because of hot oil. 
The heat is transferred from the oil to air by the evaporation 
of a water spray. Only the water evaporated is used and 95% 
of the water cost is saved. 

In hundreds of installations, quenching both small parts and 
large shapes, production has increased at lower cost. Units 
operate reliably for years without maintenance troubles in 
plants that run 24 hours per day. 

Niagara Aero Heat Exchangers also give extra value in cool- 
ing jacket water for process equipment or engines, hydraulic 
equipment, electronic sets, controlled atmosphere processes, 
and many other applications. 


Write for Bulletin No. 96-MP 


NIAGARA BLOWER COMPANY 


Over 32 Years Service in Industrial Air Engineering 


405 Lexington Ave. New York 17, N. Y. 


District Engineers in Principal Cities 


INDUSTRIAL COOLING <a w\ HEATING @ DRYING 
—\), 


NIAGARA 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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both annealed and cold rolled, to 
represent an alloy susceptible to 
age hardening in both the annealed 
and cold rolled conditions. 

The true stress—true strain 
plots yield information concerning 
changes in the properties of the 
alloys during high-temperature 
plastic deformation. An attempt 
was made to use the data as a 
means of learning more about the 
mechanics of deformation at ele. 
vated temperatures through deter- 
mination of the activation energies 
involved. The increase in such 
energy values with decrease in 
stress, which was found for all ma- 
terials, was attributed to the effect 
of elastic distortion on the crystal 
lattice. A simplified mechanism of 
deformation is described, using 
these characteristics, and the rela- 
tionship of the flow process to 
metallic diffusion is pointed out. 


Paper 36, Session 9 


Stability of Steels 
at Elevated Temperatures 


By A. B. Wilder 
and J. O. Light 


The stability of more than 100 
different types of steel at 900, 1050 
and 1200° F. (480, 565 and 650°C.) 
is being evaluated over a period of 
11 years. Welded samples are in- 
cluded in the investigation. The 
results obtained in an examination 
of 20 of these steels for evidence 
of structural changes, oxidation 
characteristics and impact proper- 
ties after expesure for 10,000 hr. 
are presented. 

The influence of zirconium, 
columbium and titanium on graph- 
itization in molybdenum-bearing 
steels without chromium is dis- 
cussed. Graphite observed in Zr-Mo 
steel in the heat-affected zone of 
welds was associated with a grain- 
boundary phenomenon anil, in 
some respects, was similar to chain 
graphite. Graphite was observed 
also in the Zr and Mo steels, but 
not in the Ti-Mo or Cb-Mo steels. 
The Charpy impact properties of 
the Zr steels were not appreciably 
changed by graphitization, but 
these steels were severely oxidized 
and decarburized at 1200° F. 

The microstructure of the 12% 
Cr ferritic stainless steels was ¢S- 
sentially unchanged after exposure, 

(Continued on p. 536) 
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... assured by pilot and spot radiographic examination 


Radiography of the pilot castings helps get 


Maintaining casting soundness...run after run... 


sound production runs going sooner. . . 
then radiographic spot testing of the runs 


keeps quality levels up to standard. Result: 


by increasing yield, radiography more 
than pays its own way. 


For maximum radiographic visibility ... 
use Kodak Industrial X-ray Films : 


= 


Kedak Industrial X-ray Film, 
TYPE A... for x-ray and gamma- 
ray work in sections where fine 
grain and high contrast are de- 
sirable for maximum sensitivity 
at moderate exposure times. 


Kodak Industrial X-ray Film, 
TYPE M . .. first choice in critical 
inspection of light alloys, thin 
steel at moderate voltages, and 
heavy alloy parts with million- 
volt equipment. 


Kodak Industrial X-ray Film, 
TYPE K . . . designed for gamma- 
ray and x-ray radiography of 
heavy steel parts, and of lighter 
parts at limited voltages where 
high film speed is needed. 








Kodak Industrial X-ray Film, 
TYPE F... with calcium tung- 
state screens—primarily for radi- 
ography of heavy steel parts. For 
the fastest possible radiographic 
procedure. 


RADIOGRAPHY 


... another important function of photography 


Many foundries have eliminated some of 
their most troublesome casting problems. . . 
have provided engineer and foundryman 
with more useful information . . . and have 
obtained more sound yield per melt... 
through radiography. 



















They provide the high radiographic 
sensitivity —the combination of 
speed, contrast, and fine grain— 
required for the detail visibility 
you need in critical examination 
of castings. 

For complete information on the 
types best adapted to your job, 
see your local x-ray dealer— 
or write to 


Eastman Kodak Company 
X-ray Division, Rochester 4, N. Y. 






“Kodak” ia a trade-mark 











TUBING MUST HAVE 


COT F 


Withstanding reversals (flexing) of hundreds of thousands of 
cycles during its service life, Superior shaped tubing for bourdon 
springs must be of the highest quality. Laps, stringers, inclusions, 
scratches, roll and die marks—all must be eliminated from tubing to 
be used for this application. 

The experience of 13 years—and the production of literally mil- 
lions of feet—have perfected Superior tubing. Shaped bourdon tubing 
in regular mill quantities is a product of the highest quality and 
tolerance control. 

If your tubing requirements demand the finest, uniform, clean 
tubing for straight mechanical purposes, investigate Superior’s Produc- 
tion and Metallurgical facilities—they are better. 

Plan to visit our Booth #1829 at the National Metals Exposttion. 


SUPERIOR TUBE COMPANY 
2008 Germantown Ave., Norristown, Pa. 


For Superior Tubing on the West Coast, call PACIFIC TUBE CO. 
S718 Smithway St, Les Angeles 22, Cal. © AMgeles 2.2151 
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and oxidation was nil. The Charpy, 
impact properties are being inves. 
tigated further before definite 
conclusions are presented. The mi. 
crostructure of the 17% Cr stee| 
was not changed appreciably, by 
after 10,000 hr. at 1200°F. a ney 
constituent was observed near the 
weld metal—base metal interface. 
this constituent may be sigma 
phase. The 17% Cr steel was em. 
brittled after exposure for 10,000 
hr. at 900 to 1200° F. Sigma phase 
is discussed with reference to the 
27% Cr steel after exposure. This 
particular steel was brittle before 
and after exposure. Oxidation after 
exposure was essentially nil in 
both the 17 and 27% Cr steels. 

The 18-8 Cr-Ni, 18-8 Cr-Ni free. 
machining, and 18-8 Mo steels con. 
tained carbides at the grain 
boundaries after exposure, which 
resulted in decreasing the Charpy, 
impact strength. Sigma phase was 
observed in the exposed titanium. 
bearing and columbium-bearing 
18-8 steels. The impact properties 
of these two steels were also de- 
creased by exposure. Oxidation 
after exposure of the austenitic 
stainless steels was essentially nil 


Paper 37, Session 10 


Application of the Theory 
of Diffusion to the Formation 
of Alloys in Powder Metallurgy 


By Pol Duwez and C. B. Jordan 


A simple theoretical discussion 
is given first, by means of which it 
is possible to predict approximately 
the time and temperature required 
for complete homogenization by 
diffusion of a mixture of two metal 
powders. The theory is developed 
first for one-dimensional diffusion 
in a stack of interleaved thin sheets 
of two metals, which arrangement 
has recentiy been investigated in 
France by Chevenard and Wache. 
With the aid of an analysis by 
Weinbaum of diffusion in a simple 
model of a mixture of powders, it 
is then shown that the method of 
predicting time and temperature o! 
homogenization can be extended t 
this three-dimensional system. The 
method involves only consulting 2 
pair of charts, which are given 
no calculations are necessary. 

An experimental’ investigation 
of the progress of diffusion in com- 
pacts of mixed copper and _ nickel 

(Continued on p. 538) 








rs 


 @ DET 







man operates six 
ELECTRIC FURNACES producing | 





















































nVes- 
ini 
ima up to 6000 libs. per hour 
Steel 
but 
nev ; 
- the if faster and cheaper melting of higher quality metal 
face; interests you, take a look at this layout of Detroit Rocking 
igma Electric Furnaces that melt bronze for hydraulic pressure 
em. castings in a large eastern foundry. With only 1 man at the 
),000 controls, these six Type LFY, 700 Ib. capacity Detroit Elec- 
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OVER ONE HUNDRED YEARS OF CONTINUOUS SERVICE. ROUNDS, SQUARES, FLATS, HEXAGONS, OCTAGONS 


THE ALLOY STEEL THAT's 
MEANT FOR PUNISHMENT 


“M” TEMPER oil hardening steel was developed specifically 
for such vital, punishment-taking parts as dies, cams, collets, 
forming rolls, clutches, gears, etc. “M” TEMPER effectively 
combines high hardness with maximum toughness, minimum 
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powders is described next. In 
these experiments, the compacts 
were heated for various lengths of 
time at different temperatures, and 
the extent of diffusion produced 
was measured by means of X-ray 
diffraction. When the results of 
the measurements are compared 
with those predicted by theory, it 
is found that the agreement is 
qualitatively correct, and that the 
quantitative deviations are quite 
understandable in view of the 
range of experimental variables in- 
volved. A discussion of experi- 
mental errors is given. 


Paper 38, Session 10 


Decarburization of 
Steel With Mill Scale 


By W. A. Pennington 


Experiments have been con- 
ducted to show that ferrous alloys 
are decarburized with. mill scale 
through two chemical reactions in- 
volving gases: CO reduces the mill 
scale, and CO, oxidizes the carbon 
at the surface of the steel. The oxi- 
dation of carbon is accompanied 
by an expansion in volume, at con- 
stant pressure, and therefore gases 
escape from a heat treating cham- 
ber where decarburization is tak- 
ing place. 

A technique has been estab- 
lished for following the effect of 
different variables on decarburiza- 
tion with mill scale. This technique 
is based on measurements of the 
volume of the gases collected. The 
method is unique in that good re- 
sults for the average specimen are 
available continuously throughout 
a run. 

Chemical thermodynamics has 
been applied in calculating the final 
carbon content for various condi- 
tions. Supporting experimental 
evidence has been presented to 
demonstrate the reliability of the 
calculations when they are made 
on the proper basis. 

Among the factors investigated 
were: (a) total pressure of CO and 
CO,, (6) effect of inert gases, (c) 
type of scale, (d) composition of 
steel, (e) temperature, (/) thick- 
ness of steel, and (g) catalysts. 

The fastest decarburization of 
low-carbon steels seems to take 
place near 1450°F. (790°C.). No 
appreciable amount of decarburiz@- 
tion with mill scale will take piace 
at a temperature as low as 1275’ F. 

(Continued on p. 540) 
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(690° C.). One steel tested did not 
decarburize at 1550°F., but it 
would decarburize either at 1450° F. 
or at 1800° F. 

Some suggestions have beep 
made pertaining to decarburization 
in mill practice. 


Paper 39, Session 10 


Cause and Cure of Inverse Chill 


and Hard Spots in Cast Iron 


By C. A. Zapfe 
and R. L. Phebus 


Abnormal conditions of “inverse 
chill” in gray cast iron and zones 
of retarded graphitization (“hard 
spots”) in malleable iron are stud- 
ied from the standpoint that both 
conditions follow directly from 
hydrogen segregation similar to 
that causing “flakes” in forgings. 
“white spots” in castings, and “fish- 
eyes” in welds. 

Stabilization of cementite by 
hydrogen requires some critical 
quantity of the gas under any given 
set of conditions. Stabilization in 
general follows from simple ther- 
modynamic considerations of the 
fugacity of the carbon in solution, 
with respect to its fugacity as 
graphite. 

A secondary phenomenon of 
abnormal graphitization follows 
from lesser concentrations of hy- 
drogen and occurs adjacent to the 
chill zone. When found alone, it 
frequently indicates a _ condition 
approaching inverse chill. 

Moisture is the principal source 
of the hydrogen in question. The 
efficacy of moisture as a hydrogen 
izer follows from its thermodynamic 
equivalence to hydrogen in the 
Fe-O-H system and the fact that the 
thermodynamic relationships make 
a given concentration of H,0 
equivalent to many times that con 
centration of H,, as far as hydro 
genizing is concerned. This facto! 
of equivalence becomes greatly in 
creased by the presence of elements 
producing low oxygen pressures, 
such as the silicon and carbon in 
cast iron. Steam contacting cast 
iron, for example, can theoretically 
hydrogenize surface layers (micro- 
systems) of the iron as effectively 
as 10,000 atmospheres of pure H),. 

The cure for inverse chill and 
hard spots accordingly lies in the 
control of the hydrogen content of 
the iron in effect, the contr: of 

(Continued on p. 542) 
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moisture contacting the iron. In- 
duction melting may be preferred 
over melting in the cupola or in 
gas-fired furnaces, since, in the lat- 
ter, hydrogen is always present in 
great quantities. However, that dif- 
ferential can be erased by remov- 
ing hydrogen from cupola-melted 
iron by means of a ladle treatment. 
In induction melting, care in re- 
ducing the moisture content of the 
charge can suffice to prevent the 
defects; but, with any melting 
process, the simplest advisable 
precaution concerns flushing the 
melt with a hydrogen-free gas 
shortly before casting. 


Paper 40, Session 10 


Wetting Properti 
of Meal Pewedere 


By Bernard Kopelman 
and C. C. Gregg 


The wetting characteristics of a 
series of metal and inorganic pow- 
ders were investigated qualitatively 
by the examination of suspensions 
of the powders in the two-phase 
systems kerosene—water and water-— 
carbon tetrachloride. Additional 
tests were made in which the wet- 
ting properties of the liquids were 
modifled by the addition of small 
amounts of hydrogen peroxide and 
other wetting agents in the water 
phase and oleic acid in the oil 
phase. 

The following powders were 
investigated: Al, Mg, Cu, Ni, Ti, 
Mo, Ta, Pt, graphite, W, WO,, 
W,0,,, WO,, UO, MnCO,, ZnO, 
PbO, TiO,, Al,O,, MgO. 

In general, metal powders are 
poorly wetted by water and organic 
liquids and are thus difficult to 
disperse in liquid mediums. The 
more refractory metal powders are 
the most difficult to disperse. On 
the basis of wetting behavior, metal 
powders may be classified into two 
groups: the lower-melting metals 
and the refractory metals. Tita- 
nium pawder exhibited properties 
intermediate between the two 
classes. The behavior of graphite 
powder is unique. 

The data indicate that the lower- 
melting metals can be made dis- 
persible in organic liquids by the 
addition of approximately 1% oleic 
acid. The addition of commercial 
surface-active agents improves the 
wetting behavior of the refractory 

(Continued on p. 544) 
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metals in water and sometimes 
makes the lower-melting metals 
dispersible in organic liquids. Hy- 
drogen peroxide in small amounts 
does not affect the wetting behavior 
of metal powders. 

In general, the higher oxides of 
multivalent metals and the oxides 
of monovalent metals have a strong 
affinity for water, while the lower 
oxides of multivalent metals and 
the metals themselves are not 
water-dispersible. 


Paper 41, Session 11 
Versatile Vacuum-Fusion Apparatus 


By Manley W. Mallett 


Details are given concerning the 
construction and operation of a 
vacuum-fusion apparatus for the 
estimation of gases in metals. One 
unusual feature of the method is 
that the gas sample.is removed 
from the extraction apparatus by 
a fully automatic Toepler pump 
and is analyzed in a modified Orsat 
apparatus. This versatile apparatus 
is used for gas analysis of carbon 
steels, certain alloy steels, non- 
ferrous metals, alloys, and powders 
by vacuum fusion in graphite. In 
addition, analytical vacuum fusions 
in BeO crucibles were made and 
small experimental alloy ingots 
were prepared. 

Vacuum-fusion analyses of car- 
bon steels have an accuracy of 
0.001% for both oxygen and nitro- 
gen. Analytical difliculties arising 
from the presence of large inclu- 
sions of Al,O,, glassy SiO,, and 
refractory nitrides are discussed. 
Vapors of chromium and titanium 
cause low nitrogen (and perhaps 
oxygen) results in vacuum-fusion. 


Paper 42, Session 11 
Abrasion Resistance of Metals 
By R. D. Hawerth, Jr. 


A new abrasion testing machine 
has been devised with which it is 
possible to determine quantitatively 
the resistance of metals to either 
dry or wet abrasion. Values for loss 
in weight under several conditions 
of abrasion are presented for a v2- 
riety of metallic materials. 

Loss in weight of carbon stec! 
and low-alloy steel as a result of 

(Continued on p. 546) 
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dry abrasion increases as both 
speed and pressure are increased 
in tests of constant duration. Up. 
der certain conditions of dry abra. 
sion, because of the temperatures 
developed, hardened carbon stee] 
or low-alloy steel is no better than, 
or is actually inferior to, the same 
steel in the annealed or hot rolled 
condition. The hardened steels are 
superior for applications involving 
wet abrasion. 

With similarly shaped particles, 
abrasiveness increases with the 
hardness of the abrading materia) 
from feldspar to quartz to alumina. 

Carbon is the most important 
alloying element in providing irons 
and steels with resistance to abra 
sion by feldspar, quartz or sand. 

Hardness determined by the or- 
dinary methods shows no correla. 
tion with abrasion resistance. 
Hardness of the microconstituents, 
in comparison with the hardness of 
the abrading material, and the size, 
distribution and amount of the hard 
constituents in the structure appear 
to be the determining factors in 
abrasion resistance. 

Are deposition of certain hard- 
surfacing material in thicknesses of 
less than % in. results in sufficient 
dilution with the base material to 
cause a sharp reduction in abrasion 
resistance compared with heavier 
arc deposits. The factor of dilu- 
tion is less pronounced in oxy- 
acetylene welding and, hence. 
satisfactory abrasion resistance is 
obtained in thin deposits. 

Carburizing, nitriding, silicon- 
izing, and cold working are of little 
or no apparent value in increasing 
resistance to abrasion by dry or 
wet quartz. Hard chromium plating 
may be of considerable value. 

Certain grades of sintered tung 
sten carbide have excellent resist- 
ance to abrasion by alumina or 
quartz. With increasing cobalt 
content in the binder, the abrasion 
resistance decreases but other prop- 
erties, notably toughness, improve 


Paper 43, Session 11 
Solder Flow Tester for Tinplate 
By J. J. Sperotto 


This paper presents a_ simple 
and rapid method for comparing 
the flow of soft solders on sheel 
metals and is particularly adapted 

(Continued on p. 548) 
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OUGH, heat-resisting Inconel X — a new 
nickel-chromium alloy—is ideal for certain 
jet plane parts. But it’s extremely difficult to 
machine. 

A New England plant found it necessary to 
regrind tools after machining only eight bolts of 
this metal—working on a jet plane parts contract. 

After a number of different cutting oils were 
tried without improvement in machining prac- 
tice, a Gulf Lubrication Engineer was brought 
into the picture. His recommendation: Gulf 
Stainless Cutting Oil B. Result: As many as 150 
bolts before it is necessary to regrind tools. Pro- 
duction increased, costs down! 
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to thin sheets such as tinplate. The 
method consists essentially of plac- 
ing a constant-volume pellet of 
solder on a tinplate disk, together 
with an excess of flux, and heating 
the disk above the melting point of 
the solder. The extent to which 
the molten solder spreads out on 
the plate is measured with a pla- 
nimeter and is used for comparison. 
Incorporated in this method is a 
means for preventing distortion or 
buckling of the sample plate dur- 
ing the heating cycle and, also, pro- 
vision is made for the introduction 
of an inert gas to reduce oxidation 
of the plate or solder. 

The results obtained in a series 
of measurements on solder flow for 
% Sn, 96% Pb solder and 40% Sn, 
60% Pb solder on several types of 
plate used in can making are given. 
The correlation between these data 
and commercial experience in sol- 
dering cans fabricated from _ the 
same tinplates and solders has been 
found to be sufficiently close to 
warrant the use of this test pro- 
cedure to determine the probable 
performance of various solders and 
plates under factory operating 
conditions. 

This test procedure has also 
been used with some success for 
evaluating the relative efficacy of 
fluxes. The wide variations in 
physical properties of fluxes when 
heated to soldering temperatures 
make this method less reliable in 
predicting flux performance on 
high-speed can-making equipment 
than when solder variables alone 
are under study. The usefulness of 
results on fluxes is limited by the 
tendency of certain fluxes to pro- 
duce an irregular solder flow pat- 
tern because of uneven action of 
the flux on the heated plate. Rosin- 
alcohol flux gave the most stable 
flux action of the fluxes tested and 
was therefore chosen as the stand- 
ard flux in evaluating the solder- 
ability of tinplate. 


Paper 44, Session 11 


Nature and Detection 
of Grinding Burn in Stee! 


By L. P. Tarasov 
and C. O. Lundberg 


When excessive heat is gener- 
ated in grinding because of unsaltis- 
factory grinding practice or for 
any other reason, the momentary 

(Continued on p. 550) 
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increase in temperature in hard- 
ened steel may be enough to cause 
rehardening of a surface layer and 
softening of the immediately adja- 
cent material. Softening can occur 
also when there is no rehardening. 

Metallographic examination of 
such a “burned” surface, especially 
examination of a taper section, 
may reveal a progression of micro- 
structures, some of which are novel 
in appearance. A transition struc- 
ture is often found in which grain- 
boundary austenitization has 
occurred so that the dark-etching, 
highly overtempered grains are de- 
lineated by light-etching rehard- 
ened bands. As the region of 
complete austenitization is ap- 
proached, the dark-etching grain 
centers gradually shrink and then 
change to discontinuous dark 
patches and specks in a white 
matrix. 

The maximum decrease in hard- 
ness observed in the most highly 
overtempered regions in badly 
burned high speed steel was from 
Rockwell C-63 to C-54; the cor- 
responding figures for oil harden- 
ing toolsteel were C-60 to C-46. 


When grinding is conducted 
properly, with the wheel face kept 
sharp, there is no rehardening, and 
softening can be decreased to a 
negligible amount under conditions 
of fairly rapid removal of stock. 
If necessary, all softening can be 
eliminated completely by decreas- 
ing the rate of removal of stock. 
Under good grinding conditions, 
the hardness of a surface layer a 
few ten-thousandths of an inch 
thick can be increased appreciably, 
even in hardened steel, by work- 
hardening that results from the ac- 
tion of the grinding wheel. This 
may be an advantageous effect. 

Soft steel can be hardened by 
an improperly conducted abrasive 
cutting-off operation but not by 
grinding, even though the grinding 
is abusive enough to discolor the 
surface badly. Gray iron is appar- 
ently the only soft metal that can 
be hardened by abusive grinding. 

Nondestructive macro-etching 
techniques are available for detect- 
ing even faint traces of burn in 
ground surfaces and for detecting 
grinding stresses. 

From a practical standpoint, 
only that burn can be considered 
as injurious which affects unfa- 
vorably the life of the part under 
service conditions. i) 





A New Continuous Sait Bath Heat Treating F urnace—designed for fast, economical hardening, 
washing and drying small meta. parts. 


CLEAN — SAFE — EASY TO OPERATE — NO FUMES 


Unit consists of 2 pot furnaces, a quench unit, a wash unit and a dryer. Particularly 
suited to small lots of different parts that require varying cycles of heat treating. 
Parts are automatically loaded and transferred through heat, quench, washing and 
drying operations and delivered clean and dry into transfer boxes 

Charges range from 100 to 125 Ibs. and salt bath temperature and heating cycles can 
be varied to suit each batch. Capacity is 300 to 500 Ibs. per hour when cyanide 
hardening screws to case depth of approximately .003”. Furnaces utilize gas, oil 


or electricity. Write Dept. 3 


FURNACES: ‘‘Tailored’’‘ by DEMPSEY 
Meet Every Heat Treating Need! 


N fens IEMPSEY INDUSTRIAL FURNACE CORP. 


f\ ) { 
| FURNACE, 
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for Better 


“Rockwell” Testing 


Medal C4A 
$450.00 F.0.B. Detreit 
Complete with diamend penetrater 


For your “Rockwell” test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 


The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 
much more it has to offer. 


INC. 


jan 


HARDNESS TESTER 
Beller Engineered 














ELECTRO METALLURGICAL SALES CORPORATION 





TLECTROMET VANADIUM 


Trade-Mark 


FOR THE PRODUCTION OF FINE STEELS 


* HIGH STRENGTH 
*% INCREASED DUCTILITY 
* GOOD WELDABILITY 
*% ABRASION RESISTANCE 
* TOUGHNESS 


Vanadium improves steel by increasing 


its yield strength and its ductility. Vanadium- 


bearing steels are tough—because of their uni- 
formly fine grain size—and resist abrasion, 
fatigue, and impact. They are especially suit- 
able for parts subject to high dynamic stress. 


Vanadium steels are readily cast, forged, 
and rolled. They are also easily machined, and 
have exceptional weldability. When vanadium 
is added to steel in quantities ranging from 0.05 
to 0.20%, heat-treatment is simplified. Its use 
results in a tough, strong, wear-resisting surface 


on case-carburized parts. 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [Jq@ New York 17, N. Y. 
OFFICES: Birmingham ¢ Chicago ¢* Cleveland * Detroit 
New York ¢ Pittsburgh * San Francisco 


In Canada: Electro Metallurgical Company of Canada, Limited 
Welland, Ontario. 
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Springs, axles, and other parts of the trucks of high-speed diesel locomo- 
tives are made of vanadium steel. Vanadium is also used in steel for tools 
and machinery parts because of the exceptional properties that it imparts 


ELECTROMET ferrovanadium is made espe- 
cially for the manufacture of fine steels for tools 
and machinery parts. This ELecrromer alloy 
contains 50 to 55% vanadium and is available 
for immediate delivery in grades containing 
maximum 0.20%, 0.50%, or 3.00% carbon. It is 
furnished in various crushed sizes suitable for 


all open-hearth and electric-furnace additions. 


Our staff of competent metallurgists is 
always ready to furnish on-the-job technical 
assistance in the use of vanadium and other 
ELECTROMET ferro-alloys and alloying metals. 
Write to the nearest ELecrromert office. 










- 


pA 
" 




















PRECISION RESULTS 
HEAT AFTER HEAT 


because 
HUPPERT Model 11FM 
is built for production 


Its Fully automatic on-the-line control; special 
multi-insulation and sturdy, heavy-duty all- 
steel construction add up to the finest furnace 
you can operate. The 11FM features spe- 
cial alloy elements; fully enclosed contacts, 
tight-closing, wedge-principle, counter- 
weighted door; Fahrenheit or Centigrade 
controlling pyrometer and removable por- 
celain tray. Operates on 110/220 v AC 
max. load 444 KW —=min. load 2KW. Two 
heat ranges—low 0° to 1000 ° F., and 1000° 
-2000° F. 1.D. 8’x6’x12”—O.D. 24’x25” 
x30” —stand measures 28"x3614"x34". 





Re t t- . 

seg" ef esas Complete with ¢ 4 E00 
oh BA Avuiomatic Temperature Control 3 5 i 

oratory and 

production 


aimee K. H. HUPPERT COMPANY 


6824 Cottage Grove Avenue Chicago 37, Illinois 





Scientific STEEL TREATING 


Electronic Induction Seeterinn + Flame Hardening » Heat Treating » Bar Stock 
en 


Treating and straightening (mill lengths and sizes) » Annealing + Stress Relieving 
* Normalizing » Pack or Liquid Carburizing + Nitriding « Speed Nitrid- 
ing * Aerocasing + Chapmanizing * Cyaniding + Sand Blasting « Tensile and 


S418 LAKESIDE AVE., CLEVELAND 14, OHIO HENDERSON 9100 
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The Physics of Creep’ 


THis ARTICLE is written from the 

viewpoint of the physicist. How. 
ever, the author is aware of the 
engineering problems concerning 
creep, and is familiar with the 
procedures of creep testing as it is 
done in metallurgical laboratories. 

The creep curve obtained with 
constant tensile load begins with a 
sudden extension, which is fol- 
lowed, in general, by periods of 
deceleration, stationary creep rate. 
and acceleration. [See 1948 6 
Metals Handbook, Fig. 1, p. 116, 
In 1911, Andrade demonstrated 
experimentally that the stationar) 
period and the acceleration of 
creep are trivial consequences of 
the increase in stress caused by the 
decrease in cross-sectional area of 
the specimen. Unfortunately, 
Andrade’s work has remained 
largely unknown in testing labora- 
tories and, in several respects, 
modern creep testing has not 
arrived at the point reached by 
Andrade 35 years ago. 

Kanter has attempted to prove 
that the acceleration period cannot 
be explained by the decrease in 
cross-sectional area. [@ Trans. 
actions, V. 24, 1936, p. 870.] How- 
ever, according to Orowan, Kanter’s 
argument was based on an unfounded 
mathematical relationship. The 
decrease in cross-sectional area may 
be caused either by contraction of 
the specimen or by the formation 
of intercrystalline cracks that 
finally may lead to the type of 
fracture observed in creep tests. 

The conventional method of plot 
ting strain versus time, for a con- 
stant load, has frequently led to 
the determination of the “minimum 
creep rate”, which is the slope of 
the creep curve at its point of 
inflection. The arbitrary and acci- 
dental nature of this quantity is 
clear from the fact that, in general, 
an inflection either would not 
appear at all in a test with constant 
stress, in a compressive test with 
constant load, or in a torsion test, 
or it would appear at a much later 
stage of creep. 

If the creep test is carried 
out at constant stress — instead of 
constant load—the creep curve 
obtained can be resolved into 2 
transient and a persistent (quasi 
viscous) component. The creep in 
short-time tests is mainly of the 
transient type. In long-time tests a! 

(Continued on p. 554) 


* Abstract of “The Creep of Met- 
als”, by E. Orowan. Journal of the 
West of Scotland Iron and Steel Insti- 
tute, V. 54, 1946-47, p. 45. 






















Bleiauemelectric furnaces equipped with 
durable <4itg-Jutamheating elements 


If good, dependable equipment is a “must” for your heat treat 
_the original 
““nickel-chromium 

heating element alloy 


operations, best you get acquainted with Hoskins electric 
furnaces. They're sturdily constructed for long-life service . . . 
well insulated, too, for power economies and more comfortable 
working conditions. And, of prime importance, every Hoskins 
furnace is equipped with durable CHROMEL heating 
elements so designed as to provide maximum heating 
efficiency and permit quick and easy replacement when 


required. Catalog-59 describes the line . . . want a copy? 





Type FR-206, 207, Type FR-251 Type OR-104 
208 Box Furnace Box Furnace Pot Furnoce 















COMPANY 





HOSKINS MANUFACTURING 


4445 LAWTON AVE. «© DETROIT 8, MICHIGAN 
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AMAZINGLY DIFFERENT 
BEARING BRONZE 


BEARIUM 
METAL 


The unique structure of Bearium 
Metal combines not only the best 
features of babbitt and bronze, 
but, in addition, has desirable 
frictional characteristics that ore 
exclusive. 


& it will not melt out like babbitt. 


% it does not score like an or- 
dinary bronze. 

*& it definitely puts an end to all 
problems ordinarily encoun- 
tered in frictional applications. 


Write for full information on this 
amazing bearing alloy. 


GROINARY LEADED BRONZE of 
25 diameters shows poor lead 
distribution, with lead between 
copper groins. 


BEARIUM 


METALS CORP., 264 State Street, Rochester 4, N. Y. 








The Physics of Creep 


(Continued from p. 552) 
high temperature, creep is mainly 
of the quasi-viscous type. The 
mechanisms of these two types of 
creep are physically entirely differ. 
ent. In transient creep, the chemica] 
composition and the structure of 
the metal play a minor role. Changes 
that do not affect the static stress. 
strain curve probably have slight 
effect on the behavior of the mate. 
rial in transient creep. However. 
quasi-viscous creep is influenced 
strongly by the chemical and struc. 
tural nature of the metal. Since the 
two types of creep are physically 
different, knowledge of the one 
provides no basis for conclusions 
about the other. It is for this 
reason that short-time creep tests 
cannot yield information about 
long-time (quasi-viscous) creep, 
which must actually be observed 
if it is to be evaluated. 

Quasi-viscous creep is the resuli 
of atomic rearrangement in regions 
of disorder. Types of disorder thai 
are important sources of quasi- 
viscous creep are grain boundaries, 
structural distortions caused by 
plastic deformation, and temporary 
disorder during recrystallization 
and nonmartensitic phase trans- 
formations. 

The deceleration of transient 
creep cannot be explained by the 
classical recovery theory of creep 
Recently Hollomon has suggested 
that there is a “mechanical equation 
of state”, that is, that the creep of 
a metal can be determined by the 
instantaneous values of stress and 
time, and is not influenced by the 
previous stress-strain history 
[Transactions of the American 
Institute of Mining and Metallurgica! 
Engineers, V. 171, 1947, p. 535. 
This paper, for which Hollomop 





A simple hand rod (almost like a 
letter-opener) does all your sorting, segregat- 


received the Alfred Noble Prize. 
develops an early suggestion of 
Ludwik and implies that the quali- 
tative nature of creep can be derived 
from the behavior of metals 
deformed with a varying load in 
simple tension.}] Orowan refers to 
experiments that prove the non- 
existence of a “mechanical equation 
of state”. In the discussion of 
Orowan’s paper, this proof is 
described (by A. I. Smith) as con- 
vincing and final. It appears tha’ 


E-Z Sort Systems, Ltd. 
the creep of a metal is influenced 


45 SECOND STREET, SAN FRANCISCO 5 . : ‘ : 
by its entire stress-strain history 


SUITE 201 Since plastic flow does not obe) 
a “mechanical equation of state” 
Orowan makes a different analysi> 
of transient creep, as follows 
(Continued on p. 558) 


ing and locating. Enables you to quickly tabu- 
late or file facts, sources, names, etc. For free 
demonstration, without obligation, contact 
nearest E-Z Sort office, or write to— 
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SEYMOUR 
Pree Machining 


NICKEL SILVER 





































Rod sizes from Ve" to 2” diameter, in 10%, fe 
12%, 15% and 18% Seymour Leaded Nickel 
Silver, are now in stock to meet your imme- _ gap, S 


diate production requirements. For improved SkSi——sy 1 
feget,* — 


deliveries on larger quantities, we have broken QDARID SS 
down various bars at ready-to-finish sizes. So > % 

















» Se 


This means substantial shipments can be on ——\\— 
P \ SS 


their way to you within two or three weeks. => — 
Seymour Leaded Nickel Silver Rod has excel- SS S> ee 
lent machinability, resistance to corrosion, a S> _ 
high tensile strength and an attractive silvery 

white color. It is preferred for screw machine Ci 

products used in optical goods, jewelry, dental Bil 


appliances, fishing tackle, and thousands of 
other applications. For complete specifica- 
tions, properties and uses, write for your com- 
plimentary copy of our new catalog on 
Seymour Nickel Silver, \ 


THE SEYMOUR MANUFACTURING COMPANY 
SEYMOUR, CONNECTICUT 
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The Physics of Creep 


(Continued from p. 554) 
During the sudden extension that 
follows the sudden application of 
stress, plastic deformation pro- 
gresses without substantial help 
from thermal stress fluctuation; in 
other words, the “no-creep” yield 
stress during this period is smaller 
than the applied stress. At the end 
of the sudden extension, applied 
stress and no-creep yield stress are 
equal. In the course of the subse- 
quent transient creep, further strain 
hardening takes place and the yield 
stress rises above the applied stress. 
Plastic deformation continues, 
nevertheless, because the applied 
stress is raised locally by thermal 
stress fluctuation from time to time 
to the value of the no-creep yield 
stress. Thus, local thermal stress You'| 
fluctuations, when successful, start OUT 
macroscopic glide processes. As 
strain hardening occurs, the num- 
ber of successful thermal stress 
fluctuations becomes smaller (per 
unit of time), and the creep rate is 
decelerated. Equations are devel- 
oped, and experiments that confirm 
the new theory are cited. 
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coolin 


HARPER ELECTRIC FURNACE CORPORA 
1450 Buffalo Avenue 
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Low-Carbon Fe-Mo™ 


HE alloys studied contained 
0.10, 0.15 and 0.20% carbon 
and consequently could not be free 
from a substantial amount of car- 
bide — at least 2%, and up to 5% 
by weight, and roughly the same by 


Do you depend upon badly scaled or de- 
corburized work to tell you that some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere indico- 
tor will watch that for you. It makes a con- 
tinvous, thorough check of the furnace at- 


Incorporated 














volume. 

These alloys become austenitic 
on heating. Therefore, the struc- 
ture and properties can be 
changed by heat treatment. 

The important points of the 
paper do not lie in the fundamen- 
tal, but in the strictly practical 
part. The latter shows that a class 
of alloys with 2 to 5% Mo (an 
average of about 3%) exists, which 
can be hardened by quenching to 
over 400 Brinell and retain this 
hardness at least up to 1100°F. 
Furthermore, these alloys possess 
a fair ductility even after a severe 
quenching, and their Izod impact 
figure is quite acceptable. They 
have given good service as die 
liners in the forging of shells and 
might be expected to give good 
service in numerous industrial 
‘fields including, probably, tool- 
steels for carpentry. 

*Abstracted from “Molybdenum 
Alpha Irons — a New Range of High- 
Duty Alloys”, Alloy Metals Review, 
V. 5, June 1947, p. 2. 
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mosphere, and as soon as it changes, the 
change is detected and indicated so thot 
quick necessary adjustment can be made. 
it works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
noces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the relo- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technico! 
personnel. 

Where a continuous record of atmos- 
phere readings is required, the indicator 
can be co-ordinated with a recorder. 

You can't afford to be without this in- 
strument any longer. 

Price, complete with U-tube $33 500 
and Somple Filter, 110 V, 60 C, 
Write for descriptive bulletin 
for full information. 


eee GORDON "ie | 
SERVICE.: 


CLAUD S. GORDON CO. 
Speciolists for 34 years in the Heat-Treoting 
and Temperature Contro! Field 
Dept. 15 3000 South Wallace $i., Chicage 16, lt 
Dept.15 7016 Euclid Avenve, Cleveland 3, Obie 
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ARTICULATION 
and 
DURABILITY 


it was quite a casting job... 
and an assembly job... to 
make this high alloy belt for a 
continuous heat treating fur- 
nace. But it's typical of the 
work we are in a position to 
handle. 


We have metallurgists capable 
of designing special equipment 
to meet conditions of corrosion, 
high temperature or abrasion 
and to select the proper alloy- 
ing elements. 


We have the foundry equip- 
ment capable of turning out 
sound castings ranging from a 
pound or two up to six tons 
per piece. 


We have the latest in X-ray 
and Gammo-ray testing ap- 
paratus and an excellent con- 
trol laboratory to be sure your 
castings are sound. 


Possibly you don't need a con- 
tinuous belt, as illustrated. 
Perhaps your casting require- 
ment is a retort, grid, roller, 
pump part, kettle, cap... 
whichever it is, we would like 
to take care of it for you. 


THE HURALUY COMPANY 


10—DU—S 
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Oxygen Enrichment 
in Converter Practice’ 


wo sponsored by the British 

Iron and Steel Research Assoc 
was performed at the steel plant of 
Catton and Co., Ltd., in regula 
production. A two-ton, side-blown 
converter whose cross sectiona) 
area was a 4 by 3 ft. oval was used 
It has six 2-in. tuyeres 10 in. from 
the bottom. The life of the silies 
lining is about 60 heats, with air 
at 3 to 3% Ib. per sq.in. pressure 
and a blast rate of 2800 cu.ft. per 
min. In normal operation the ves 
sel would be supplied with iron 
melted in a nearby cupola, the 
cupola charge being pig iron, stee! 
scrap, and enough ferrosilicon t 
bring the metal up to 1.1% Si 
Hot metal is at about 1330°C 
(2425° F.), desulphurized in the 
ladle with 30 lb. sodium carbonat 
per ton. The normal blow would 
require 16 min. and the tempera. 
ture of the steel at the end would 
be 1640°C. (2425° F.). 

In various trials the oxygen was 
increased to 30% (compared witb 
20.5% O, in normal air), 35%, 40% 
and 60%. Optimum conditions 
apparently existed with blast con- 
sisting of 40% O, and 60% N, 
Blowing time was then 5% min. 
and finishing temperature 1845°C 
(3350° F.). These results were on 
cupola metal without ferrosilicon 
additions. The rate of air blast was 
reduced to 2000 cu.ft. per min., and 
700 cu.ft. of oxygen added per min 
or 4100 cu.ft. for the whole blow 
This meant that 6300 cu.ft. of oxy 
gen was put into the converter 
from both air and added oxygen 
and of this, 5150 cu.ft. was 
required for the chemical reactions 
of steel refining and slag making. 
the oxygen efficiency was therefore 
81% (as compared to 66% for the 
normal, not enriched blast). 

It was observed that with oxy 
gen enrichment the end-point of 
the blow was sharper and easier t 
detect than with the normal air 
blowing operation. 

These experiments have nov 
been going on for several months 
and there has been no decrease in 
the average life of the linings 
Although with oxygen enrichmen! 
the final temperature of the steel is 
higher than normal, the blowing 
time is shorter, so the main bulk 

(Continued on p. 566) 


*Abstract of “The Application 0 
Oxygen Enrichment to Side-Blow 
Converter Practice”, by J. L. Harri 
son, W. C. Newell and A. Hartley 
Journal of the Iron and Stee] Inst) 
tute, July 1948, p. 281 











For Easier. Faster Plating 


of LEAD-TIN ALLOYS-:-:- 


GENEKAL CHEMICAL 
LEAD & TIN FLUOBORATE 


Eee Sth ahed, b 


On automobile and aircraft bearings...exteriors of pistons... radio 





portant Manual | chassis and other metal products where a practical, reliable method 
ma | of plating lead-tin alloys is required—use General Chemical Lead and 
oO! <= Tin Fluoborate Solutions. 


General Chemical Technical Inf i ° ‘ ° 

SEMANA cenniien comieenae dene These General Chemical research developments provide metal finishers 
ting lead-tin alloys. F ; 

ng eae yor gh yg with a reliable, low cost, proven method of plating lead-tin alloys in 


trol analytical methods, analysis of de- 
posits, etc. For your free copy, write 
General Chemical Fluorine Division, 40 
Rector Street, New York 6, N. ¥. or For your requirements investigate General Chemical Lead and Tin 


nearest office below. 
Fluoborate Solutions. Don’t delay. Full information on lead-tin alloy 
plating from the fluoborate bath is contained in the helpful manual 


any desired ratio with a minimum of control measures. 








BASIC CHEMICALS 
outlined at left. 


GENERAL CHEMICAL DIVISIO.N 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, WN. Y. 
Offices: Albany « Atlanta + Baltimore « Birmingham «+ Boston « Bridgeport « Bufialo «+ Charlotte 
Chicago « Cleveland « Denver + Detroit * Houston « Kansas City + Los Angeles *« Minneapolis 
New York « Philadelphia + Pittsburgh « Portland (Ore.) « Providence + San Francisco « Seattle 
St. Louis « Wenatchee and Yakima ( Wash.) P 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
ta Canada: The Nichols Chemica! Company. Limited > Montreal > Toronto - Vancouver 











BFOR AMERICAN INDUSTRY 
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Personals 


Reynolds Metals Co. announces 
that Stuart Smith @ has been ap- 
pointed its special representative to 
the U. S. Air Forces at Washington, 
D. C., and Wright Field, Dayton, 
Ohio. Mr. Smith has been a sales 
representative and manager of the 
New York sales division of Reynolds 
Metals. 


Henry P. Whaley @ has been em- 
ployed at the research laboratory of 
Erie Mining Co., Hibbing, Minn., fol- 
lowing his graduation from Missouri 
School of Mines and Metallurgy. 


Elmer E. Baldwin @, who received 
his B.S. in metallurgy from Columbia 
University in June 1948, has entered 
the employ of General Electric Co. 
under its scientific program. 


Michael E. Sanera @ is now asso- 
ciated with the central engineering 
division of the Republic Steel Corp. 


Following graduation from Uni- 
versity of Wisconsin, Donald P. 
Schmidt @ is now employed at the 
Canton, Ill., works of International 
Harvester Co., in the foundry man- 
agement training program. 


Frank J. Bolda @, a June gradu 
ate from the University of Illinois, 
is now employed by Southern Rail- 
way System in the test department. 


Joseph H. Hoage @ is now super 
visor in the production department 
of the General Electric Co. at the 
Hanford Nucleonics Project, Rich- 
land, Washington. 


Following graduation from Car- 
negie Institute of Technology, Lester 
F. Engle @ has joined the El Paso, 
Texas, smelting works of American 
Smelting and Refining Co., as metal- 
lurgical engineer. 


Lebanon Steel Foundry announces 
that Edward H. Platz, Jr., @ has been 
promoted to manager of alloy sales. 
Mr. Platz has been with Lebanon 
Steel Foundry since 1939 in engineer- 
ing and development capacities. 


Frederick Gieseking ©, a June 
graduate from Michigan College of 
Mining & Technology, has accepted 
a position with the Detroit Testing 
Lab. 


John E. Gaus @ is now a trainee 
in the scientific program of General 
Electric Co. He received his master’s 
degree in metallurgical engineering 
from Columbia University in June. 


After graduating from Carnegie 
Institute of Technology, Donald QO, 
Taylor @ is now employed in the 
metallurgical laboratory at the Crp- 
cible Steel Co.’s Sanderson-Halcom) 
works, Syracuse, N. Y. 


Claude M. Hollyfield @, a June 
graduate from Virginia Polytechnic 
Institute, has accepted a position as 
staff engineer with the Carolina Alp. 
minum Co. 


Jos. F. Linus @, after completing 
advanced metallurgical work at Tem- 
ple University Evening Technica] 
School, has been employed in the 
sales department of the Phosphor 
Bronze Corp., Philadelphia. 


Wm. J. Wissman, Jr., @, formerly 
with S.K.S. Heat Treating Co., has 
opened the B & W Heat Treating Co., 
Buffalo, N. Y., in partnership with 
John W. Brach. 


William A. Sandberg @, formerly 
chief engineer of Lacy Mfg. Co., and 
Peter Serrell, formerly on the design 
staff of the Southern California Co- 
operative Wind Tunnel, have formed 
the Sandberg-Serrell Corp., a con- « 
sulting and design group specializing 
in unusual mechanical and structural 
problems. Their headquarters are in 
Pasadena, Calif. 





Here’s another advantage of the... 


Y 


GANTRY-TYPE 


ELECTRIC MELTING FURNACE 


Roof moves over 
tapping pit, eliminating 
reflected heat on operating 
platform. 


AMERICAN BRIDGE COMPANY 


General Offices: Frick Building, Pittsburgh, Pa. 
BALTIMORE - BOSTON - CHICAGO - CINCINNATI 
CLEVELAND + DENVER + DETROIT - DULUTH 
MINNEAPOUS + NEW YORK + PHILADELPHIA - ST. LOUIS 
Columbia Steel Company, San Francisco, 
Pacific Coast Distributors 
United States Steel Export Company, New York 
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Personals 


On graduating from Virginia 
Polytechnic Institute, Allan V. Ben- 
nett @ has accepted the position of 
process engineer with Carnegie- 
Illinois Steel Corp.’s Clairton, Pa., 
works. 


John I. Thompson @ has resigned 
as president of John I. Thompson & 
Co. to become assistant administrator 
for marketing and vice-president, 
Commodity Credit Corp., U. S. Dept. 
of Agriculture. 


After four years as metallurgist 
and production supervisor with the 
atomic bomb laboratories in Oak 
Ridge, Tenn., and Los Alamos, N. M., 
Douglas W. Ballard @ has resigned 
to accept the position of resident 
manager of the Cleveland plant of 
the Ames Bag Co. 


Upon graduation from Carnegie 
Institute of Technology, Arthur A. 
Conrad, Jr., @ joined the National 
Tube Co., Lorain, Ohio, as a junior 
metallurgist. Before his graduation, 
Mr. Conrad had been employed on a 
part-time basis by Carnegie-Illinois’ 
Duquesne, Pa., works. 


James Williams @ has purchased 
Industrial. Temperature Control, Inc., 
Milwaukee, and as president of the 
company will continue to operate it. 


Carl C. Osgood @, formerly assist- 
ant professor of mechanical engi- 
neering at the University of Vermont, 
is now at the Towne Scientific School 
of the University of Pennsylvania as 
associate professor of mechanical en- 
gineering, having supervision of the 
machine shop and foundry. He will 
also continue study for his Ph.D. de- 
gree in metallurgy. 


Alvin L. Hurst @ has been trans- 
ferred by the Aluminum Co. of Amer- 
ica from the New Kensington, Pa., 
works, where he was assistant chief 
works metallurgist, to the Lafayette, 
Ind., works, where he will be chief 
works metallurgist. 


Following receipt of his M.S. de- 
gree from the University of Ken- 
tucky in June, James L. Wyatt @ 
has taken the position of development 
engineer with the titanium division of 
National Lead Co., South Amboy, 
N. J. 


Mark H. Kern @ is now in charge 
of the spectrographic laboratory at 
Washburn Wire Co. at Phillipsdale, 
m. & 


After graduating from Corne}| 
University, S. B. Prellwitz @ ha 
accepted a position of process engi. 
neer with the Duquesne, Pa., work: 
of Carnegie-Illinois Steel Corp. 


Bernard J. Sexauer @, who grag. 
uated from Missouri School of Mines 
and Metallurgy in June, is now work. 
ing at National Bearing Division of 
American Brake Shoe Co. in a two. 
year apprentice training program. 


Following receipt of his M.S. from 
Vanderbilt University, William P. 
Roe, Jr., @ is now working for Car. 
bide & Carbon Chemicals Corp, 
Charleston, W. Va. 


Andrew N. Eshman, Jr., @ gradv- 
ated in June 1948 from Virginia 
Polytechnic Institute and is presently 
employed as metallurgical engineer 
for Buckeye Steel Castings Co., Co- 
lumbus, Ohio. 


After graduating from Michigan 
College of Mining and Technology, 
Gordon L. McIntosh @ has accepted 
an appointment with Bethlehem Stee! 
Corp. in the 1948 loop course. 


Irvin G. Lotze @ has left for 
Pakistan where he will teach in the 
Boys’ Industrial Home and Technical 
School in Gujranwala. 











gm Accurate Temneral 


AT A GLANCE WITH THE SIMPLIFIED 
PYRO OPTICAL PYROMETER 


wie 








by FERROTHERM 


TO ATTACH COLLAR TO FEED 

SCREW FOR ONE OF WARNER 

& SWASEY’S NEW TEXTILE 
MACHINES 


Any operator can quickly determine tempere- 
tures on minute spots, fast moving objects and 
smallest streams. Completely self-contained. No 
calibration charts or accessories needed. An ac- 
curate, direct reading Pyrometer that pays for itself 
by helping prevent spoilege. Weighs 3 Ibs. 
Available in 5 temperature 
ranges (1400° to 7500° F). 
Ask for FREE Catalogue No. 80. 

v 


BETTER TEMPERATURE 

CONTROL FOR NON-FERROUS 
FOUNDRIES. 

The Pyro Immersion Pyrometer 
is shock proof, moisture proof, 
dust proof; immune to magnetic influences. 
Shielded steel housing. Instantly interchange- 
able thermocouples with no adjustment or recali- 
bration. Large 4” scale. Equipped with exclu- 
sive LOCK SWIVEL. Ranges 0-1500° and 

0-2500° F. Get FREE Catalogue No. 150. 


v v 


The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


Ferrotherm 
= of Pyre Optical, Radiation, immersion * ® 


“Magic with Metals” 
and Surface Pyrometers fer over 25 years 
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WHY NOT MAKE BRAZING BY FERROTHERM PART OF 
YOUR PRODUCTION SET-UP? 








Engineers! Production men! Before you decide 
upon a new design, consider the advantages of 
brazing! Investigate Ferrotherm's facilities! Cut 
down present fabricating costs, step-up produc- 
tion! Ferrotherm's personal service and technical 
facilities are at your disposal. 
Write or phone today for full particulars. 
FERROTHERM COMPANY 


1861 E. 65th St. * CLEVELAND 3, OHIO * Phene: EN. 471 
4911 Butler St.* PITTSBURGH 1,PA. + Phone: Scheniey 1204 


SEND FOR THIS 
FOLDER — LEARN 
HOW BRAZING 





HEAT TREATING FURNACE BRAZING 











